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ABSTRACT
P a r k e r ,  J Î 1 1 ,  M . S . ,  S p r ing  I 9 8 O W i l d l i f e  B io lo g y
G rea t  Blue Herons ( Ardea h e r o d i a s ) in  n o r th w e s te rn  Montana: n e s t i n g
h a b i t a t  use and the e f f e c t s  o f  human d is t u r b a n c e  (82 p p . )
D i r e c t o r :  B. R i l e y  M c C l e l l a n d * ^  '
To assess the impact o f  human d is t u r b a n c e  on r e p r o d u c t i v e  success  
and to  d e te rm in e  the  necessary  components o f  Great  Blue Heron ( Ardea  
he rod i a s ) h a b i t a t ,  22 heron c o lo n ie s  on 4 r i v e r s  were s t u d ie d  d u r in g  
2 b re e d in g  seasons.  Most o f  the c o lo n ie s  were found in o l d - a g e  c o t t o n ­
wood b o t to m la n d s ,  but  a few were in d r i e r ,  c o n i fe r o u s  s i t e s .  The 
t r e e s  used by n e s t in g  herons were always s i g n i f i c a n t l y  l a r g e r  than  
the t r e e s  no t  used,  and mean nes t  t r e e  dimensions decreased as co lony  
s i z e  in c r e a s e d .  R e produc t ive  success in a co lony was not  a f f e c t e d  by 
the  number o f  b re e d in g  b i r d s  in the co lony .
The i s o l a t i o n  from roads a p p a r e n t l y  in f lu e n c e d  colony s i z e .  I s o ­
l a t i o n  from the r i v e r  was most im p or tan t  in e a r l y  s p r i n g ,  when r e c r e a t i o n -  
i s t s  were f r e q u e n t l y  in s t ru m e n ta l  in co lony  abandonment. The d is t a n c e  
from housing d id  not  a f f e c t  the s i z e  o f  c o l o n i e s .  Herons appeared less  
in f lu e n c e d  by d is t u r b a n c e  and more ten ac io u s  in c o lo n ie s  nea r  p r o d u c t i v e  
a r e a s .
Large c o lo n ie s  known to  e x i s t  in I 969  had s p l i n t e r e d  i n t o  s m a l l ,  
but  numerous, c o l o n i e s ,  most o f  which were o n ly  occupied 5“ 10 y e a r s .
Th is  f re q u e n t  movement on the p a r t  o f  the  herons may r e f l e c t  a d e t e r i o r a ­
t i o n  in the q u a l i t y  o f  a v a i l a b l e  h a b i t a t  and an increased  e x t e n t  o f  
human i n t e r f e r e n c e .
I I
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CHAPTER I 
INTRODUCTION
In Montana,  the Great  Blue Heron ( Ardea h e r o d i a s ) is p r i m a r i l y  
a b i r d  o f  r i p a r i a n  h a b i t a t .  Tw enty - tw o  o f  the  26 known c o lo n ie s  in 
n o r th w e s te r n  Montana a re  on 4 m ajor  r i v e r s  (3 o f  the  o t h e r s  a re  on 
l akes  and 1 is on a r e s e r v o i r ) .  The h e r o n 's  needs a re  c o n f l i c t i n g  
i n c r e a s i n g l y  w i t h  man's as the  q u a l i t y  and q u a n t i t y  o f  r i p a r i a n  
h a b i t a t  d i m in is h  in the wake o f  land deve lopm ent ,  l i v e s t o c k  g r a z i n g ,  
c h a n n e l i z a t i o n ,  and d i v e r s i o n s .  Along s t re a m s ,  f o r e s t s  have been 
c l e a r e d  to  make way f o r  p a s tu re s  and s u b d i v i s i o n s .  V e g e t a t io n  and 
f a l l e n  logs a long  some s t ream  banks have been removed and re p la c e d  
w i t h  c o n c r e t e ,  r o c k ,  o r  even o ld  c a r s ,  to  reduce the  in c id e n c e  o f  
f l o o d i n g  and e r o s i o n .  L iv e s t o c k  have d e p le t e d  some s t ream s id e  v e g e ta ­
t i o n ,  t ram p led  overh ang ing  banks and in c re a s e d  the  s i l t a t i o n  o f  the  
w a t e r .  Graz ing  and c h a n n e l i z a t i o n  have o f t e n  ru in e d  th e  streambed  
h a b i t a t  o f  a q u a t i c  in s e c t s  and f i s h ,  a f f e c t i n g  the  animal  p o p u la t io n s  
dependent  on those organ ism s.
R i v e r s  a r e  n o t  e a s i l y  p r o t e c t e d ;  p o l l u t i o n ,  damming,  o r  d r a i n a g e  
anywher e  i n  t he  w a t e r s h e d  has r e p e r c u s s i o n s  on t h e  main r i v e r .  
R e c r e a t i o n i s t s  a r e  d i f f i c u l t  t o  c o n t r o l ,  e s p e c i a l l y  when t h e  r i v e r s  
f l o w  t h r o u g h  p r i v a t e  p r o p e r t y .
G reat  Blue Herons a r e  e a s i l y  d i s t u r b e d ,  and u s u a l l y  nes t  c o l o n i a l l y  
in a reas  i s o l a t e d  from roads and human s e t t l e m e n t .  L i t t l e  is known 
about the  movement o f  G reat  B lue Heron c o lo n ie s  o r  what causes them
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
to  abandon t r a d i t i o n a l  nes t  s i t e s ,  a l th o u g h  human i n t e r f e r e n c e  is  o f t e n  
i m p l i c a t e d  (Cameron 1906,  M i l l e r  1943 ,  Ives  1972 ,  B jo r k lu n d  1975,
Mark 1 9 7 6 ) .  Being p r i m a r i l y  p i s c i v o r o u s ,  the  heron e x i s t s  a t  the  top  
o f  a food c h a in ,  where i t  is  a f f e c t e d  by d i s r u p t i o n s  f u r t h e r  down the  
cha in  and where i t  is  s u b je c t  t o  the acc u m u la t io n  o f  t o x i c  substances  
in i t s  t i s s u e s .  Because herons a re  l a r g e  and nes t  in c o l o n i e s ,  they  
a r e  p a r t i c u l a r l y  conspicuous d u r in g  the n e s t i n g  season and v u l n e r a b l e  
to  va n d a l is m .  D e s t r u c t i o n  o f  h a b i t a t  a f f e c t s  e n t i r e  c o l o n i e s ,  r a t h e r  
than a few b i r d s .  Logg ing ,  d r a i n a g e ,  and road c o n s t r u c t i o n  may d e s t r o y  
e x i s t i n g  c o lo n ie s  and reduce the  number o f  a l t e r n a t i v e  s i t e s .
A G reat  Blue Heron s tudy  conducted in 1969“ I9 7 0  by Dennis B i l l i n g s  
( fo r m e r  g ra d u a te  s tu d e n t  o f  the  U n i v e r s i t y  o f  Montana,  who c o l l e c t e d  
d a ta  but  d id  not  p u b l i s h  h is  f i n d i n g s )  p r o v id e d  a unique o p p o r t u n i t y  
to  assess e c o l o g i c a l  changes in  h e r o n r i e s  in response to  i n c r e a s in g  
human p ress u re  in the  l a s t  10 y e a r s .
The o b j e c t i v e s  o f  t h i s  s tudy  were:
1. To r e p o r t  on th e  196 9 -1 9 7 0  f i e l d  work o f  Dennis B i l l i n g s .
2.  To d e s c r ib e  the  G rea t  B lue Heron h a b i t a t  in n o r th w e s te r n  Montana.
3- To assess th e  impact  o f  human a c t i v i t i e s  on the  b r e e d in g  success
o f  herons in  n o r th w e s te r n  Montana.
4.  To p ro v id e  g u i d e l i n e s  f o r  th e  management o f  the G reat  Blue Heron.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I  
METHODS
L o c a t in g  C o lon ies  
Dennis B i l l i n g s '  d e s c r i p t i o n  o f  p r e v io u s  co lony  lo c a t io n s  was 
used to  l o c a t e  c o lo n ie s  in 1978;  members o f  the  F la th e a d  Audubon S o c ie t y  
p r o v id e d  a more complete  l i s t  o f  c u r r e n t  h e r o n r i e s  in the  F la th e a d  
and Swan v a l l e y s .  F l i g h t s  o v e r  the  B i t t e r r o o t ,  C l a r k  Fork ,  F l a t h e a d ,  
and Swan r i v e r s ,  made in the  s p r in g  o f  1978 b e f o r e  the  t r e e s  l e a f e d  
o u t ,  con f i rm ed  r e f e r e n c e s  made by B i l l i n g s  o r  the  F la th e a d  Audubon 
S o c ie t y  and assured t h a t  a l l  new c o l o n i e s  were found.
M a in land  c o lo n ie s  were u s u a l l y  reached on f o o t ,  and i s la n d  c o lo n ie s  
by r a f t  o r  canoe.
H a b i t a t  and Colony D e s c r i p t i o n  
During the f a l l  o f  1978 and the  e a r l y  s p r in g  and l a t e  summer o f  
1979» h a b i t a t  measurements were made in  the c o l o n i e s .
The h a b i t a t  o f  each co lony  was ana lys ed  by a procedure  d e s c r ib e d  
in James and Shugart  ( 1 9 7 0 ) ,  F iv e  0 , 0 4 - h a  c i r c u l a r  p l o t s  (11 m r a d iu s )  
were randomly s e l e c t e d  in  each c o lo n y .  W i t h i n  each p l o t ,  I recorded  
the  h e i g h t ,  s p e c ie s ,  and d i a m e t e r  a t  b r e a s t  h e i g h t  (dbh) o f  each t r e e ,  
f rom which I cou ld  then c a l c u l a t e  canopy h e i g h t ,  f re q u e n c y  ( r e l a t i v e  
abundance o f  s p e c i e s ) ,  d e n s i t y  ( t r e e s / h a ) ,  and dominance ( p e r c e n t  o f  
t o t a l  basal  a r e a ) .  W i t h i n  each c i r c l e ,  2 t r a n s e c t s  p e r p e n d i c u l a r  t o  
each o t h e r  were l a i d  o u t ,  and the  number o f  shrub stems i n t e r s e c t i n g
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the  l i n e s  were counted .  The number o f  stems in the 5 p l o t s  x 2 4 . 7  was 
an e s t i m a t e  o f  the  number o f  shrub s te m s /h a .  To d e te rm in e  the  p e r c e n t  
canopy c o v e r ,  I h e ld  a tube v e r t i c a l l y  o v e r  my eye and noted the
presence o r  absence o f  canopy a t  the c e n t e r  o f  the  c i r c l e  o u t l i n e d  in
the sky .  T h is  was done a t  20 e v e n ly  spaced lo c a t io n s  a long the  2 t r a n ­
sec ts  in each p l o t .
I recorded the dbh and spec ies  o f  each nes t  t r e e ,  and measured i t s  
h e ig h t  and the h e ig h t  o f  each n es t  w i t h  a S p ie g e l  Re lascope .  The d i s ­
tances between o u t l y i n g  n es t  t r e e s  a t  the 4 corners  o f  the  he ron ry  were  
used to c a l c u l a t e  h e ro n ry  s i z e .  The d is t a n c e s  t o  the r i v e r ,  to  the
n e a r e s t  road ,  and to  the n e a re s t  housing were measured from the  c o lo n y 's
c e n t e r .
C o l l e c t i o n  o f  R e p ro d u c t iv e  Data
During  the s p r i n g ,  I cou ld  census each nes t  a t  a d i s t a n c e  o f  
a p p r o x im a t e ly  100 m, w i t h  a 2 0 - power t e le s c o p e .  The m aintenance o f  t h i s  
d i s t a n c e ,  a t  a t im e  o f  y e a r  when the  b i r d s  f l u s h  e a s i l y ,  was e s s e n t i a l  
f o r  an a c c u r a te  census o f  nes t  o c c u p a t io n .  A f t e r  the  t r e e s  l e a f e d  out  
in l a t e  May, I was fo r c e d  to  move to  w i t h i n  a p p r o x im a t e ly  50 m. By 
t h i s  t i m e ,  I had a good idea o f  each n e s t ' s  a c t i v i t y ,  and the herons  
t h a t  d id  f l u s h  r e t u r n e d  q u i c k l y .  I was u s u a l l y  s e p a ra te d  from the  b i r d s
by brushy cover  a n d /o r  a channel o f  w a t e r .
Censusing began each y e a r  in l a t e  March,  when the m ig ra n t  herons  
r e t u r n e d  t o  the n es t  s i t e s ,  and c o n t in u e d  u n t i l  a l l  the young had l e f t  
the  ne s ts  in l a t e  J u l y .  Each co lony  was censused e v e r y  2 weeks.
A l l  nes ts  in a co lony  were checked i n d i v i d u a l l y  a t  each v i s i t .  Any
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nes t  incuba ted  f o r  4 weeks was termed " a c t i v e " ,  r e g a r d le s s  o f  w he ther  
eggs h a tc h e d .  A " s u c c e s s f u l "  n es t  was one t h a t  f le d g e d  a t  l e a s t  1 
young.
Because n e s t l i n g s  s i t t i n g  in  a nes t  were o f t e n  im p o s s ib le  to  
see and n e s t l i n g s  o u t  on l imbs o f t e n  cou ld  not  be ass igned  t o  any  
p a r t i c u l a r  n e s t ,  a c c u r a t e  c o u n t in g  o f  one n e s t ' s  young was p o s s ib le  
o n ly  when the young were be ing  fed  by a p a r e n t .  Censusing based on 
o b s e r v a t io n s  o f  a d u l t s  r e t u r n i n g  to  each nes t  in a co lony  u s u a l l y  
took h a l f  a day.
In the  l a r g e r  c o l o n i e s ,  some o f  the  nes ts  were c o m p le te ly  
obscured when the t r e e s  l e a f e d  o u t .  A c c u ra te  censusing a t  those t imes  
was not  p o s s i b l e .  The number o f  young f le d g e d  from th e  hidden a c t i v e  
nes ts  was e x t r a p o l a t e d  from the success r a t e  o f  the  v i s i b l e  n e s t s .
The 1978 b re e d in g  d a t a ,  c o l l e c t e d  on a p a r t - t i m e  bas is  o n l y ,  
were in c o m p le te .  The 1979 d a ta  were c o m p le te ,  encompassing a l l  22 
c o lo n ie s  from March through J u l y .
Data A n a ly s is
Much o f  the  d a ta  a n a l y s i s  was accomplished through v a r io u s  SPSS 
( S t a t i s t i c a l  Package f o r  th e  S o c ia l  Sc iences )  computer  programs (N ie  
e t  a l .  197 5 ) -  S i g n i f i c a n t  r e s u l t s  were those w i t h  a p r o b a b i l i t y  l e v e l  
o f  0 . 0 5  o r  l e s s .
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CHAPTER I I I 
STUDY AREA
The 22 c o lo n ie s  under o b s e r v a t io n  were among 26 t h a t  o cc u r re d  
along 4 major  r i v e r s  w i t h i n  a 16 ,000  km^ area  in the nor thw est  c o rn e r  
o f  Montana ( F i g .  1 ) ,  H e r o n r ie s  a re  r e f e r r e d  to  by the name o f  the  
c lo s e s t  town or  landmark ( p r e c i s e  l o c a t io n s  a re  g iven  in Appendix A ) .
F ive  heron c o lo n ie s  were lo c a t e d  a lo n g  a 50 km s t r e t c h  between  
V i c t o r  and M issou la  in the a g r i c u l t u r a l  v a l l e y  o f  the B i t t e r r o o t  
R i v e r .  The p o p u la t io n  o f  the v a l l e y  is 3 2 ,0 0 0  (1977  c e n s u s ) ,  con­
c e n t r a t e d  in 7 smal l  towns a long  the  R i v e r .  The s t r e a m 's  mean annual  
d is c h a rg e  ( a t  Darby) is 2 6 . 4  m ^/sec;  e x t e n s i v e  i r r i g a t i o n  d iv e r s i o n s  
lower  the summer f lo w  ( a t  Darby) to  5 - 7  m^/sec .  ( U . S . G . S .  Survey 1 9 7 8 ) .
The C la r k  Fork o f  the Columbia R i v e r ,  w i t h  an average  d is c h a rg e  
o f  8 5 . 4  m / s e c  (below M i s s o u l a ) ,  supported  3 G rea t  Blue Heron c o lo n ie s  
In the 130 km s t r e t c h  between Deer lodge and M is s o u la .  The m ajor  sources  
o f  employment in the v a l l e y s  o f  the C la r k  Fork a r e  t im b e r  and a g r i c u l t u r e ;  
the l a r g e s t  urban c e n t e r  on the  R iv e r  is M issou la  ( p o p u l a t io n  3 4 , 0 0 0 ) .
The C la r k  Fork and the B i t t e r r o o t  v a l l e y s  r e c e iv e  an average  
annual p r e c i p i t a t i o n  o f  34 cm; the ave rage  tem p era tu re  is  6 °  C .
The F la th e a d  R i v e r  (be low Kerr  Dam) d is c h a rg e s  an average 333 m ^ /sec .  
There  were 3 heron c o lo n ie s  on the upper F la th e a d  R iv e r  above F la th e a d  
Lake,  1 co lony  on the Lake i t s e l f ,  and 6 on the  lower F la th e a d  below  
the Lake. A r e s e r v o i r  on th e  N in e p ip e  N a t i o n a l  W i l d l i f e  Re fuge ,  16 km 
from the lower  F la th e a d  R i v e r ,  s u s ta in e d  the  l a r g e s t  colony d u r in g  t h i s
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F i g u r e  1.  1979 h e ro n ry  l o c a t i o n s  in n o r th w e s te rn  Montana,
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s tu d y .  The upper F la th e a d  f low s through the  c i t i e s  o f  Columbia F a l l s  
( p o p u l a t io n  3 ,1 0 0 )  and K a l i  s p e l l  ( p o p u l a t io n  1 6 ,0 0 0 )  b e f o r e  emptying  
i n t o  the Lake,  w h i l e  the lower F l a t h e a d  f low s o n ly  through s e v e ra l  
small  towns on the F la th e a d  In d ia n  R e s e r v a t i o n .  The average te m p e ra tu re  
a t  K a l i s p e l l  is 6 °  C, and the  ave rage  annual p r e c i p i t a t i o n  is 43 cm.
The Swan R iv e r  V a l l e y  is  a n a r ro w ,  h e a v i l y - t i m b e r e d  v a l l e y  
u n s u i te d  f o r  a g r i c u l t u r e .  The V a l l e y  r e c e iv e s  an u n u s u a l ly  h igh amount 
o f  p r e c i p i t a t i o n  (68  cm a n n u a l l y )  and supports  v e g e t a t i o n  d i s s i m i l a r  
to  t h a t  e lsew here  in the s tudy a r e a .  Nowhere e l s e  in n o r th w e s te rn  
Montana d id  herons nes t  in lodgepo le  p ine  ( Pinus c o n t o r t a )  o r  spruce  
( Pi cea s p p . ) .  The R i v e r  south  o f  Swan Lake is l a r g e l y  u n s e t t l e d .
North  o f  the Lake,  the V a l l e y  w id e n s ,  becoming more s u i t a b l e  f o r  
a g r i c u l t u r e  and more p o p u la t e d .  The R iv e r  ( w i t h  a mean annual d is c h a rg e  
o f  3 2 . 9  m^/sec)  s u s ta in e d  3 o f  the heron c o lo n ie s  in t h i s  s t u d y ,  I on 
the  lower  and 2 on the upper Swan.
The channels  o f  the  upper F l a t h e a d ,  C l a r k  F o rk ,  B i t t e r r o o t ,  and 
Swan r i v e r s  a re  broad streambeds o f  g l a c i a l  outwash and a l l u v i u m .  
Meanders , s id e  c h a n n e ls ,  s lo u g h s ,  g r a v e l  b a r s ,  and log jams c h a r a c t e r i z e  
these s t ream s.  B lack  cottonwood ( Populus t r i c h o c a r p a )  is  the  dominant  
t r e e ,  and most o f  the  h e r o n r i e s  in these  v a l l e y s  were found in Populus  
woodlands. Side channe ls  and o t h e r  i r r e g u l a r i t i e s  a re  r e l a t i v e l y  
i n f r e q u e n t  on the  lower  F l a t h e a d ,  where the  s t ream  has cu t  dee p ly  i n t o  
the b ed ro c k ,  c r e a t i n g  a narrow channel  bordered  by c l i f f s .  The c l i m a t e  
on the lower  F la th e a d  is  d r i e r  and w i n d i e r  than on the  upper F l a t h e a d ,  
and o n ly  a t h in  b e l t  o f  v e g e t a t i o n  borders  the R iv e r  on each bank. The
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dominant  t r e e s  a r e  ponderosa p in e  ( PInus pondero s a ) and w estern  
j u n i p e r  ( Ju n ipe ru s  o c c i d e n t a l  i s ) .  A l l  the  heron nes ts  on the  
lower F la th e a d  were in ponderosa p in e .
Three o f  the 22 c o lo n ie s  were in  N a t i o n a l  W i l d l i f e  Refuges,  
k were on s ta te -o w n e d  l a n d ,  and 6 a long  the lower F la th e a d  occ ur re d  
w i t h i n  the  F la th e a d  In d ia n  R e s e r v a t i o n .  The o t h e r  9 were on p r i v a t e l y -  
owned la n d .
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CHAPTER IV 
BILLINGS'  196 9 -1970  HERON STUDY
In 1 9 6 9 , U n i v e r s i t y  o f  Montana g r a d u a te  s tu d e n t  Dennis B i l l i n g s  
undertook  a res e a rc h  p r o j e c t  on G reat  Blue Herons in w es te rn  Montana.
His  p r im a ry  o b j e c t i v e s  were t o  l o c a t e  a l l  c o lo n ie s  in the s t a t e ,  
de te rm in e  the r e p r o d u c t i v e  s t a t u s  o f  a few,  and r e l a t e  r e p r o d u c t i v e  
success to  p e s t i c i d e  c o n c e n t r a t io n s  in eggs and body t i s s u e s .  A l ­
though B i l l i n g s  worked on the p r o j e c t  f o r  2 y e a r s ,  h is  da ta  were  
never  compiled i n t o  t h e s i s  form.
A f t e r  l o c a t i n g  A3 a c t i v e  c o l o n i e s ,  14 i n a c t i v e  c o l o n i e s ,  and 
3 o f  unknown s t a t u s  (Appendices B and C ) , B i l l i n g s  narrowed h is  
o b s e r v a t io n s  to  3 l a r g e  c o l o n i e s :  2 a long  the B i t t e r r o o t  R i v e r ,
a t  V i c t o r  and F lo r e n c e ,  and 1 on the lower  F la t h e a d  R i v e r ,  a t  Moiese .
B i l l i n g s  v i s i t e d  each o f  the 3 c o lo n ie s  a t  10-day i n t e r v a l s  
f rom the  s t a r t  o f  the  b re e d in g  season in A p r i l  u n t i l  m i d - J u l y ,  when 
the young f le d g e d .  At each v i s i t ,  B i l l i n g s  c l im bed the  nes t  t r e e s  
o r  a d j a c e n t  t r e e s ,  and counted the number o f  eggs o r  young in each 
n e s t .  Addled eggs,  e g g s h e l l s ,  and dead b i r d s  were removed f o r  p e s t i c i d e  
a n a l y s i s .  B i l l i n g s  measured s h e l l  t h ic k n e s s e s  w i t h  a m ic ro m e te r ,  and 
t i s s u e s  were sent  to  the F ish and W i l d l i f e  S e r v i c e ,  Denver ,  f o r  chemical  
ana lys  i s .
Di s t r i  b u t io n
B i l l i n g s  lo c a t e d  18 c o lo n ie s  on the  B i t t e r r o o t ,  C la r k  Fork ,  F l a t -
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head,  and Swan r i v e r s  ( F i g .  2 ) .  P r e c is e  l o c a t i o n s  o f  these  c o lo n ie s  
and o t h e r s  B i l l i n g s  found e ls e w h e re  in Montana a re  l i s t e d  in Appendices  
B and C.
R e p ro d u c t iv e  A c t i v i t y  
Herons nes ted  in cottonwoods on the  B i t t e r r o o t  and in ponderosa  
pines on the F la th e a d  (T a b le  1 ) .  The nes ts  in the  ponderosa were  
c o n c e n t r a te d  in r e l a t i v e l y  few t r e e s .
Herons a r r i v e d  a t  the 3 c o l o n i e s  between 20 and 30 March, and
l a i d  eggs in m i d - A p r i l .  The mean c l u t c h  s i z e  a t  Moiese was 4 . 3  (n=92
n e s t s ) ,  and ranged from 2 to  7 eggs. The young hatched d u r in g  the
second week in May, and f l e d g e d  by 15 J u l y .  An average 1 .43  young per
a c t i v e  n es t  f le d g e d  o v e r  the 2 - y e a r  p e r i o d .
B i l l i n g s '  b l i n d - b u i l d i n g  a c t i v i t i e s  in l a t e  March 1970 a t  
M oiese ,  caused many herons t o  d e s e r t ,  reduc ing  the  co lony  from 95 
t o  8 n e s t in g  p a i r s  w i t h i n  2 weeks. The m iss ing  b i r d s  were l a t e r  found  
n e s t i n g  nearby on the  N in e p ip e  N a t io n a l  W i l d l i f e  Refuge.
P e s t i c i d e  A n a ly s is  
Seven subcutaneous f a t  samples from young G reat  Blue Herons taken  
a t  the Moiese co lony  c o n ta in e d  DDE r e s id u e s  rang ing  from 1 . 8  to  1 1 .8  ppm 
(wet  w e i g h t ) .  L e v e ls  o f  DDE in 7 add led  eggs,  a l s o  from Moiese and 
rang ing  from 0 .3 1  to  1 .0 6  ppm, d id  not  correspond w e l l  w i t h  s h e l l  
th ic k n e s s e s  (T a b le  2 ) .  N e i t h e r  DDE nor PCB l e v e l s  ( th e  l a t t e r  were  not  
q u a n t i f i e d )  ana lys ed  from eggs and f a t  t i s s u e s  were thought  t o  be 
s i g n i f i c a n t  by the  Denver F ish  and W i l d l i f e  personnel  who conducted  
the a n a l y s i s  ( J .O .  K e i t h ,  p e rs .  comm, to  B i l l i n g s ) .  DDE l e v e l s  below
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T a b le  1. General  d e s c r i p t i o n  o f  B i l l i n g s '  c o l o n i e s .
(BC) B lack  cottonwood (PP) Ponderosa pi ne
VICTOR
1969 1979
FLORENCE 
1969 1979
MOIESE 
1969 1979
Nest  t r e e  spec ies BC BC BC BC PP PP
ft n es t  t r e e s 18 18 14 14 25 25
ft nes ts 36 36 45 35 122 118
Mean # n e s t s / t r e e 2 . 0 2 . 0 3 . 2 2 . 5 4 . 9 4 . 7
it a c t i v e  nes ts 2 9 ( 8 1 * ) 2 8 ( 7 8 * ) 3 3 ( 7 3 " ) 2 2 (6 3 ■“ ) 9 5 ( 7 8 * ) 8 ( 7 " )
T o t a l  tf young f le d g e d 66 54 34 33 95 25
Mean ft young f l e d g e d /  
a c t i v e  nest 2 . 3 1 .9 1 .0 1 .5 1 .0 3.1
*  % o f  ne s t  used
T a b le  2 .  DDE l e v e l s  
f rom n es ts
and s h e l l  
a t  Moiese.
t h ic k n e s s e s  f o r  7 addled eggs c o l l e c t e d
DDE (ppm) Thickness ( mm)
1 . I n f e r t i l e 0 .31 0 . 3 5
2 .  I n f e r t i l e 0 . 3 7 0 . 3 6
3. I n f e r t i l e 0 . 3 8 0 . 3 3
4 .  F e r t i l e 0 . 6 6 0 . 4 3
5 .  F e r t i l e 0 . 6 7 0 . 3 9
6. F e r t i l e 1 .01 0 . 3 8
7. F e r t i l e 1 .06 0 . 3 5
Mean 0 . 6 4 0 . 3 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
13
F i g u r e  2 .  I 969  h e ro n ry  l o c a t i o n s  in n o r th w e s te r n  Montana.
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#  I n a c t  i ve 
km
14
30 ppm do not  appear  s e r i o u s l y  t o  a f f e c t  the  ontogeny o f  heron eggs 
(Verm eer  and Reynolds 1970,  Henny and B e thers  197 1 ) -
Over  200 e g g s h e l l s  c o l l e c t e d  from 15 c o l o n i e s  in w este rn  Montana  
had t h ic k n e s s e s  ran g in g  from 0 . 2 7  t o  0 . 4 3  mm. The average  th ic k n e s s  
( 0 . 3 2  mm) was below the  pre-DDT average  o f  0 . 4 0  mm f o r  Great  Blue  
Herons in  s ou the rn  Canada ( J . J .  H ic k e y ,  p e r s .  comm, to  B i l l i n g s ) ,  
but i t  exceeded the c r i t i c a l  l e v e l  o f  0 . 2 4  mm, below which e g g s h e l ls  
a r e  u n l i k e l y  to  s u r v i v e  in c u b a t io n  i n t a c t  (W i lb u r n  1972,  Cooke e t  a l .  
197 6 ) .
Banding Returns
B i l l i n g s  banded 140 n e s t l i n g s  a t  Moiese d u r in g  May and June 1969-  
Three  were l a t e r  re c o v e re d  in M e x ic o ,  and a n o th e r  was recovered  e a s t  
o f  K a l i s p e l l ,  Montana (T a b le  3 ) -  The da te s  o f  d ea th  were unknown.
The b i r d  recovered  n e a r  K a l i s p e l l  had d is p e r s e d  nor thw ard  a f t e r  
f l e d g i n g ,  a c h a r a c t e r i s t i c  found in  many heron sp e c ie s  (Pa lmer  I 9 6 2 ) .  
The 3 Mexican rec o v e ry  l o c a t i o n s  a r e  rem arkab ly  c lo s e  t o  one a n o th e r  
on th e  P a c i f i c  c o a s t :  Guasave is  200 km south o f  E t c h o jo a ,  and V i l l a
Union is  350  km south  o f  Guasave, T h is  may be an i n d i c a t i o n  t h a t  
b i r d s  r a i s e d  in  a co lo n y  w i n t e r  in  the same a r e a ,  d e s p i t e  p o s t - f l e d g i n g  
d i s p e r s a l s  and the  f a c t  t h a t  herons r a r e l y  m ig r a te  in  groups (Bent  
1 9 2 6 , Pa lmer  1962 ,  P a r tc h  1 9 7 2 ) .
Food H a b i ts
B i l l i n g s  i d e n t i f i e d  p re y  i tems p r i m a r i l y  f rom food p e l l e t s  r e ­
g u r g i t a t e d  by young b i r d s ,  but  a l s o  from the stomachs o f  a few dead
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b i r d s ,  and from the  remnants found in  the n es ts  and on the ground.
F ish  comprised 88% o f  the  heron d i e t ,  w i t h  rodents  and in s e c ts  making  
up the  rem ainder  (T a b le  4 ) .
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T a b le  3- Banding d a t e s ,  rec o v e ry  d a t e s ,  and rec o v e ry  l o c a t io n s  o f  4 
immature herons banded in the nes t  a t  Moiese ,
Banding d a te  Recovery d a te
24 May 1969 7 A p r i 1 1970 
31 May 1969 13 May 1970 
31 May 1969 28 October  I 969 
5 June 1969 ? January  1971
E t c h o jo a ,  Sonora ,  Mexico  
Guasave,  S i n a l o a ,  Mexico  
K a l i  s p e l l ,  MT
V i l l a  Un ion ,  S i n a l o a ,  Mexico
Tab le  4 .  Prey  items c o l l e c t e d  a t  3 c o l o n i e s .
(G) g round;  (R) r e g u r g i t a t e d ;  and (S)
The sources  
s toniachs.
a r e :  ( n ) n e s t s ;
Prey N G R S T o ta l % o f  t o t a l
Sucker  (Catastomus s p p . ) 1 19 7 3 30 40
Pumpkinseed (Lepomis g ibbosus)  
Longnose dace ( R h in ic h t h y s
1 9 10 13
c a t a r a c t a e ) 10 10 13
Tro u t  (Salmo s p p . ) -  3 4 7 9
O ther  f i s h  spp. -  6 4 10 13
Muskrat  (O n d a tra  z i b e t h i c a ) -  4 1 5 7
Vole  ( M ic r o t u s  s p p . ) -  2 - 2 3
Ins e c ts 1 - - 1 1
T o t a l 2 35 25 13 75
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CHAPTER V 
RESULTS
Heronry  V e g e t a t io n  
H a b i t a t  c h a r a c t e r i s t i c s  v a r i e d  c o n s id e r a b l y  between c o lo n ie s  (T ab les  
5 & 6 ,  Appendix  D ) . For exam ple ,  canopy cover  v a r i e d  from 3 to 74%, 
and basal  a re a  ranged from 7 to  45 m^/ha.  H e ro n r ie s  were found  
p r i m a r i l y  in cottonwood b o t to m la n d s ,  w i t h  a few in  c o n i f e r  stands on 
the  Swan and lower F la t h e a d  r i v e r s .
Nest  t r e e  measurements were the o n l y  v e g e t a t i o n  parameters  t h a t  
c o r r e l a t e d  w i t h  heron r e p r o d u c t i v e  d a t a :  the  numbers o f  n e s t s ,  a c t i v e
n e s t s ,  and s u c c e s s fu l  n es ts  ( p a i r - w i s e  c o r r e l a t i o n s ) .  The mean nes t  
t r e e  dbh was the  o n ly  v a r i a b l e  t h a t  d i f f e r e d  s i g n i f i c a n t l y  between  
a c t i v e  and i n a c t i v e  c o l o n i e s  ( t - t e s t  o r  F is h e r -B e h re n s  t e s t ) .  The 
average  dbh in  the i n a c t i v e  c o lo n ie s  was l a r g e r  than t h a t  o f  the a c t i v e  
c o l o n i e s .
Nest  t r e e  spec ies
Nest  t r e e  spe c ie s  and n e s t  t r e e  dbh were the o n ly  v e g e t a t i o n  p a r ­
ameters  t h a t  d i f f e r e d  s i g n i f i c a n t l y  f rom r i v e r  t o  r i v e r  ( t - t e s t ) .  A l l  
the ponderosa p ine  n e s t  t r e e s  ( w i t h  the  e x c e p t io n  o f  1 on the B i t t e r ­
ro o t  R i v e r )  were lo c a t e d  on the  lower  F la th e a d  R i v e r ;  the  lodgepo le  
p in e  was r e s t r i c t e d  to  2 h e r o n r i e s  on the Swan R i v e r ;  and the spruce  
to  a n o t h e r  co lony  on the  Swan. F i f t y - f i v e  p e r c e n t  o f  the c o l o n i e s  were  
in b l a c k  cot tonw oods,  9% in b l a c k  cottonwood and lo d g ep o le  p i n e ,  32%
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T a b le  5 .  V e g e t a t i o n  param eters  o f  th e  h e r o n r i e s ,  based on 
c i r c l e  census tec h n iq u e  (James and Shugart  1970)  
(be )  b la c k  cot tonwood;  (pp) ponderosa p i n e ;  ( I p )  
(s )  sp ru c e .
the  0 . 0 4 - h a  
lodgepo le  p in e ;
Domi nan t  
H e ro nry  Tree  
Sp.
T r e e s /
Ha
Basa 1 
Area  
(m r /h a )
%
Canopy 
Cove r
Mean
Canopy
H e igh t
(m)
Mean
dbh
(cm)
Rredomi nant  
Dbh Range 
(cm)
Lolo be 153 32 74 20 48 56-69
F lo re n c e be 133 30 65 21 51 5 6 -6 9
Lee M e t c a l f be 30 7 3 18 51 2 5 -3 8
S t e v e n s v i 1 le be 168 23 51 16 38 25 -69
V i c t o r be 143 37 64 26 53 4 1 -5 3
K e l l y  I s la n d be 168 40 56 22 51 56 -6 9
Drummond be 232 45 73 12 41 8 -1 5
Jens be 183 41 39 20 51 4 1 -5 3
B u f f a l o  Rapids PP 232 32 35 14 30 8 - 1 5
Mo iese PP 203 26 46 15 36 8 -2 3
Dixon PP 49 18 15 22 61 71 -1 0 2
Perma Dump PP 79 18 16 15 43 8 - 1 5
Re rma 1 PP 207 24 53 17 38 2 5 - 3 8
Re rma 2 PP 178 16 48 12 25 8 - 1 5
N in e p ip e be 133 16 17 14 33 8 -1 5
Evergreen be 128 18 59 22 41 4 1 -5 3
Owen Souerwine be 124 34 49 24 56 56 -6 9
Rose Creek be 257 26 71 19 32 2 5 -3 8
F ern d a le  N o r th Ip 69 7 8 19 32 2 5 -3 8
F e r n d a le  South be 153 17 48 17 36 2 5 -3 8
Swan R iv e r s 158 9 66 16 23 2 5 -3 8
Soup Creek be 173 20 36 16 30 18-23
Average 152 24 45 18 41 2 5 - 3 8
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T a b l e  6 :  H e r o n r y  p a r a m e t e r s .  (be)  b l a c k  c o t t o n w o o d ;  (pp )  p o n d e r o s a  p i n e ;
( i p )  l o d g e p o l e  p i n e ;  ( s )  s p r u c e
Hero nry
S i 26 
(h)
^Nest  
T rees
Nest  
T ree  
Sp.
Mean 
Nest Tree  
bh (cm)
Mean 
Nest T ree  
H e ig h t  (m)
Mean 
Nest  
H e ig h t  (m)
Lo lo .19 5 be 73 30 25
F lo re n c e .36 4 be 73 30 25
Lee M e t c a l f .006 2 be 79 25 23
S t e v e n s v i 11e 2 . 3 42 E 59 27 23
Vi c t o r .24 6 be 79 32 29
K e l l y  1 s i  and .2 9 18 be 69 30 22
Drummond .14 13 be 69 30 22
Jens .1 5 14 be 64 24 22
B u f f a l o  Rapids .01 3 PP 1 12 31 31
Moiese .14 10 PP 65 25 23
Di xon .03 3 PP 88 30 26
Perma Dump .001 2 PP 101 29 26
Perma 1 .12 6 PP 67 28 23
Perma 2 .0001 1 PP 102 30 20
Ninep ipe 4 . 0 26 be 49 17 15
Evergreen .72 23 be 47 26 23
Owen Souerwine .3 8 15 be 72 30 29
Rose Creek .36 9 be 64 25 23
F ern d a le  No rth 1 .5 7 be 41 22 19
F e rn d a le  South .45 5 1 P
Fc
58 27 23
Swan R i v e r .002 3 1 es
42 22 20
Soup Creek .20 3 be 85 26 23
Average .53 10 — 71 27 23
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in ponderosa p i n e ,  and 1% in s p ru c e .  Of the  220 nes t  t r e e s ,  83% were  
b l a c k  cot tonwood,  12% ponderosa p i n e ,  4% lo d g e p o le ,  and 1% spruce  
(T a b le  7 ) .  The h e r o n r i e s  in b l a c k  cottonwood had more nes t  t r e e s ,  
more n e s t s ,  and more nes t  per  t r e e  than the c o n i f e r  h e r o n r i e s  ( t - t e s t ) .
Nest  t r e e  s i z e
The mean dbh o f  ne s t  t r e e s  was 71 cm (T a b le  6 ) .  Th is  was s i m i l a r  
to  the mean dbh observed  by the  S e i d e n s t i c k e r s  (1968 )  in e a s t e r n  Montana.  
When the  nes t  t r e e  dbh 's  were compared by s p e c i e s , . ponderosa p in e  had 
s i g n i f i c a n t l y  l a r g e r  dbh 's  than the o t h e r  s p e c ie s ,  and the  cottonwoods  
had l a r g e r  dbh 's  than the lodgepo le  and spruce ( t - t e s t ) .
Nest  t r e e  h e i g h t  (ave rag e  27 m) and nes t  h e i g h t  (ac reag e  23 m) 
showed the  l e a s t  amount o f  v a r i a t i o n  o f  a l l  the param eters  measured 
(T a b le  6 ) .  N e i t h e r  v a r i e d  s i g n i f i c a n t l y  between d i f f e r e n t  t r e e  spec ies  
( t - t e s t ) .
Nest  t r e e s  in w e s te rn  Montana were s i m i l a r  in h e ig h t  to  those  
observed  by Henny and Be thers  (1971 )  and Werschkul e t  a l .  (1977 )  in 
Oregon,  but  were somewhat t a l l e r  than in  e a s t e r n  Montana ( S e I d e n s t i c k e r  
e t  a l .  1968 ) ,  M innesota  (M ath ieson  and R ichards  1 9 7 8 ) ,  and B r i t i s h  
Columbia (Mark 1 9 7 6 ) ,  where n es t  t r e e s  averaged 21 m, 19 m, and 17 m 
r e s p e c t i  v e l y .
Fo r  a l l  c o l o n i e s ,  dbh and h e i g h t  o f  n e s t  t r e e s  we re  s i g n i f i c a n t l y  
l a r g e r  t h a n  t h o s e  o f  t h e  s u r r o u n d i n g  t r e e s  ( t - t e s t ) .  F u r t h e r m o r e ,  t h e  
mean, n e s t  t r e e  dbh d e c r e a s e d  w i t h  an i n c r e a s e  i n  t h e  num ber o f  n e s t s  
( F i g u r e  3 ) *  Nes t  t r e e  h e i g h t  and n e s t  h e i g h t  a l s o  d e c r e a s e d  s i g n i f i c a n t l y  
w i t h  l a r g e r  c o l o n y  s i z e .
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T a b le  7- D e s c r i p t i o n  o f  heron ne s t  t r e e s  by spe c ie s
Tree  
Spec i es
# Nest  
T rees
#
Nests
Avg. § 
N e s t s / t r e e
Mean 
Dbh (cm)
Mean 
H t .  (m)
Meant Nest  
H t .  (m)
B1 ack
Cottonwood
182
(83%)
506
(88%)
2 . 8 64 27 23
Ponderosa  
P 1 ne
26
(12%)
53
( 9%)
2 . 0 78 28 25
Lodgepole  
P i ne
9
( 4%)
12 
( 2%)
1 .3 39 24 21
Spruce 3
( 1%)
7
( 1%)
2 . 3 42 22 20
To ta  1 220 578 2 . 6 64 26 23
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120
r = - 0 . 4 3
p = 0 .0 2
80
40
80604020
if n es ts  p e r  co lony
F ig u r e  3 .  R e l a t i o n s h i p  between th e  mean nes t  t r e e  dbh in  a co lony  
and the number o f  n e s t s .
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Dead and dy ing  nes t  t r e e s
Many o f  the n e s t  t r e e s  were c h a r a c t e r i z e d  by dead o r  dy ing  b ranc hes ,  
p a r t i c u l a r l y  where n es ts  were l o c a t e d .  N in e te e n  p e r c e n t  o f  a l l  the  
n es t  t r e e s  were dead o r  d y in g .  In 1979 ,  7 nes ts  c o n t a i n i n g  eggs o r  
young blew o u t  o f  n e s t  t r e e s ;  3 (43%) were in dead o r  dy ing  t r e e s .
S e v e ra l  n es ts  in  a dead cottonwood a t  the e a s t  end o f  the Drummond 
h e r o n r y ,  used in 1978 ,  were abandoned a f t e r  a b r i e f  p e r io d  in 1979.
A l l  the  n e s t  t r e e s  on the  e a s t  end were dead ,  and a f t e r  the  abandonment,  
new n es ts  were d is c o v e r e d  in s m a l l e r ,  l i v e  t r e e s  a t  the  c o lo n y 's  west  
end.  Some o f  the K e l l y  I s la n d  herons a l s o  s h i f t e d  westward out  o f  
dying  t r e e s  i n t o  l i v e - t o p  t r e e s .
Heronry  B reed in g  Data  
Because the  1978 r e p r o d u c t i v e  d a ta  (Appendix  E) were in c o m p le te ,  
o n l y  1979 d a ta  (T a b le  8) were used in the s t a t i s t i c a l  a n a ly s e s .  Data  
f rom both  y e a r s ,  when a p p l i c a b l e ,  a r e  inc lu d ed  in the d i s c u s s io n .  The 
d a ta  f o r  both years  a re  a l s o  g iv e n  by r i v e r  (Appendix F ) .
A r r i v a l  t im es
B i r d s  began to  a r r i v e  a t  th e  F la th e a d  and Swan c o lo n ie s  a week 
l a t e r  (week o f  20 March) than a t  the  more s o u t h e r l y  B i t t e r r o o t  and C la r k  
Fork c o l o n i e s  (week o f  13 M a r c h ) ,  and th e y  remained 1 week beh ind  in 
the  b r e e d in g  c y c le  th roughou t  the  season.  Small c o l o n i e s  were o cc up ied  
a week l a t e r  than l a r g e  c o l o n i e s  on the same r i v e r  ( b i r d s  a r r i v e d  a t  
l a r g e  F l a t h e a d  and sm al l  B i t t e r r o o t  c o l o n i e s  a t  th e  same t i m e ) .  The 
b r e e d in g  c y c l e  in small  c o lo n ie s  was i n i t i a t e d  no l a t e r  than in the
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T a b le  8: R e p ro d u c t iv e  d a ta  by h e r o n r y ,  f o r  the  1979 b re e d in g  season
24
ff
Nests
§
A c t i v e
Nests
S u ccess fu l
Nests
T o t a l
ti
Young
§ Young/  
Act i ve 
Nest
ft Young/  
Success fu  
Nest
Lo lo 8 2(25%) 2 4 2 . 0 2 . 0
F lo r e n c e 11 10(91%) 6 14 1.4 2 . 3
Lee M e t c a l f 7 6(86%) 5 10 1 .7 2 . 0
S t e v e n s v i 11e 90 52(58%) 45 106 2 . 0 2 . 4
Vi c t o r 9 0 (  0%) — — --- —-------- ---------—
K e l l y  I s la n d 86 43(50%) 34 64 1 .5 1 .9
Drummond 26 25(96%) 20 52 2.1 2 . 6
Jens 39 0 (  0%) —  — — — — — — --------------
B u f f a l o  Rapids 7 0 (  0%) — — --- “ “ - -----
Moiese 15 2(13%) 2 5 2 . 5 2 . 5
Dixon 9 0 (  0%) — — --- * --- — — —
Perma Dump 6 4(67%) 4 5 1 .3 1 .3
Perma 1 14 3(21%) 3 3 1 .0 1 .0
Perma 2 1 0 (  0%) — — —  — ----- -----
N i nepi pe 79 * 79 ( *  ) 69 172 2 . 2 2 . 5
Evergreen 77 5 2 ( 68%) 42 92 1 .8 2 . 2
Owen Souerwine 31 22(71%) 16 33 1 .5 2.1
Rose Creek 18 9(50%) 7 12 1.3 1 .7
F e r n d a le  No rth 10 5(50%) 5 14 2 . 8 2 . 8
F e rn d a le  South 13 12(92%) 10 27 2 . 3 2 . 7
Swan R i v e r 7 6(86%) 6 15 2 . 5 2 . 5
Soup Creek 15 14(93%) 12 21 1 .5 1 .8
T o t a l 578 346(60%) 288 649 1 .9 2 . 3
*  N i n e p i p e  had a t o t a l o f  148 heron  and c o r m o r a n t  n e s t s in  1 9 7 9 ; d e t e r m i n i n g
w h i c h  w e r e  h e r o n  n e s t s ,  a s i d e  f r o m  t h o s e  o c c u p i e d  by  h e r o n s ,  was  I m p o s s i b l e .  
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l a r g e  c o l o n i e s  on th e  same r i v e r .  Werschkul  e t  a l .  (1977 )  d e s c r ib e d  
a s i m i l a r  phenomenon.
Nest  s e l e c t i o n
The h i g h e r  n e s ts  in  a t r e e  were  g e n e r a l l y  o cc u p ied  b e f o r e  the  
lower  n e s t s .  C o m p e t i t io n  f o r  n e s ts  in  the  tops o f  t r e e s  has been 
observed  by o t h e r  r e s e a r c h e r s  w o r k in g  w i t h  herons .  N e s t in g  h igh  o f f  
the  ground is  g e n e r a l l y  v iewed as a means o f  m in im i z in g  the dangers  
o f  p r e d a t i o n  (Owen i 9 6 0 ,  Henny and B e th e rs  1971 ,  Ives  1972,  W i lb u r n  
1972, B urger  e t  a l .  1 9 7 7 ) .
The f i r s t  b i r d s  t o  a r r i v e  in  a co lo n y  d id  no t  c l u s t e r  in a d j a c e n t  
n e s ts  bu t  o c c u p ie d  n e s ts  th ro u g h o u t  the  c o lo n y .  Nests  occup ied  in  
1978 were  u s u a l l y  o c c u p ie d  aga in  in  1979.  O c c a s i o n a l l y ,  a nes t  empty  
in 1978  was o c c u p ie d  in 1979 ,  and v i c e  v e r s a .  These sw itches  f r e q u e n t l y  
o c c u r re d  in  a d j a c e n t  n e s t s ,  s u g g e s t in g  t h a t  the  same male was i n v o lv e d  
in  both y e a r s .
In e a r l y  s p r i n g ,  some o f  th e  herons d id  not  appear  t o  a s s o c i a t e  
w i t h  any one n e s t ,  a l th o u g h  they  f r e q u e n t e d  the  n e s t  s i t e .  O th e r  
b i r d s  a c q u i r e d  n e s t s ,  o n l y  t o  abandon them 2 weeks i n t o  the b r e e d in g  
season.  These b i r d s  may have been immatures (herons do not breed u n t i l  
th e  second y e a r )  o r  a d u l t s  w i t h o u t  a m ate .  The s e x u a l l y  i n a c t i v e  b i r d s  
were p r o b a b ly  d r i v e n  o f f  by the s e x u a l l y  a c t i v e  a d u l t s  as the b re e d in g  
season p ro g re s s e d  ( W i lb u r n  1 9 7 2 ) .
Use o f  heron n e s ts  by o t h e r  spe c ie s
Seven h e r o n r i e s  were used by Canada Geese ( B ra n ta  c a n a d e n s is ) 
(A ppe nd ix  A ) .  The geese g e n e r a l l y  n e s te d  in  a r e l a t i v e l y  i n a c t i v e
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s e c t o r  o f  a c o lo n y ,  away from th e  h e r o n s ,  and no c o n f l i c t s  between  
geese and herons were o b s e rv e d .  Canada Geese have been known to s u p p la n t  
herons f rom heron n e s t s ( K n i g h t  and E r ic k s o n  1 9 7 8 ) .
The abandoned co lony  a t  Jens was occup ied  by a p a i r  o f  Great  Horned 
Owls ( Bubo v i r g t n i a n u s ) in 1979- G reat  Horned Owls used a heron nest  
a t  N in e p ip e  in p r o x i m i t y  to  a c t i v e  heron nests ,  a p p a r e n t l y  w i t h o u t  caus­
ing a l a r m ,  even though some young herons may have been preyed upon 
( M a r c e l l a  B isho p ,  p e r s .  comm.).  G reat  Horned Owls have been observed  
e ls e w h e re  n e s t i n g  in  heron c o l o n i e s ,  w i t h o u t  a la r m in g  the  h e ro n s ,  a l th o u g h  
they  a re  f r e q u e n t l y  i m p l i c a t e d  in  the  dea th  o f  herons ( C o t t r i l l e  and 
C o t t r i l l e  1958,  Page 1971 ,  W i lb u rn  1972,  Kn ight  and Er ickson  1 9 7 8 ) .
R e d - t a i l e d  Hawks ( Buteo j a m a ic e n s i s ) used a heron n es t  in the  
abandoned V i c t o r  co lony in 1979-  Another  p a i r  nes ted  a t  S t e v e n s v i l i e  
in an unused n e s t ,  in  p r o x i m i t y  t o  a c t i v e  heron n e s t s .  The hawks f r e ­
q u e n t l y  sc a re d  o f f  herons t h a t  f l e w  too  c l o s e .
N ine  h e r o n r i e s  had a c t i v e  Osprey ( Pandion h a l i a e t u s ) nes ts  c lo s e  
by ,  u s u a l l y  w i t h i n  100 m and o f t e n  w i t h i n  s e v e r a l  m o f  heron n e s ts .  Many 
O sprey -heron  i n t e r a c t i o n s  were o b s e rv e d ,  w i t h  th e  Ospreys always the  
a g g re s s o r .  C o m p e t i t io n  w i t h  Ospreys may have been the cause o f  abandon­
ment o f  a smal l  heron co lo n y  (3 n e s ts )  on F la th e a d  Lake ( M a r c e l l a  B isho p ,  
p e r s .  comm.).  At a n o th e r  F la t h e a d  Lake c o lo n y ,  a s s a i l i n g  Ospreys  
o c c a s i o n a l l y  have wounded o r  k i l l e d  a d u l t  herons (John Tibbs and R ichard  
H u t t o ,  p e r s .  comm.s).
D o u b le -c r e s te d  Cormorants ( Pha1a c r o c o r a x  a u r i t u s ) nes t  s id e  by 
s i d e  w i t h  Great  B lue  H e ro ns ,  a p p a r e n t l y  p e a c e f u l l y ,  a t  N in ep ip e  N a t io n a l
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W i l d l i f e  Refuge.  The cormorants  a r r i v e  in the s p r in g  a month l a t e r  than  
the  herons and use empty heron n es ts  o r  c o n s t r u c t  t h e i r  own.
An immature Ba ld  Eag le  ( H a l i a e e t u s  leu co c ep h a lu s )  , l a n d in g  a t  an 
empty nes t  in the E vergreen  h e r o n r y ,  caused the  herons to  f lu s h  and 
c i r c l e  o v e rh e a d ,  s c r e e c h in g .  A m ature  Bald Eagle  in the Owen Souerwine  
h e ro n ry  d id  not  cause a la r m .  The young e a g le  may have been in the  
h a b i t  o f  s t r i k i n g  o r  pursu in g  herons f o r  t h e i r  f i s h ;  s i m i l a r  i n c id e n t s  
between Ba ld  Eagles and herons have been documented by Bayer ( 1 9 7 9 ) .
In t h i s  s t u d y ,  herons always appeared on the  d e f e n s iv e  when i n t e r ­
a c t i n g  w i t h  o t h e r  b i r d  sp e c ie s  us ing heron nes ts  o r  n e s t in g  nearby .
P red a t  ion
In 1 9 7 8 , a b la c k  b ear  ( Ursus am er icanus)  was observed  in a nest  
t r e e  e a t i n g  young herons in a Swan V a l l e y  co lony  (Ed Foss,  p e r s .  comm.).  
Raccoons ( Procyon l o t o r ) o r  t h e i r  s ign  have been seen in the v i c i n i t y  
o f  many o f  the  h e r o n r i e s .  The remains o f  young b i r d s  were f r e q u e n t l y  
found beneath  th e  nes t  t r e e s ,  a l th o u g h  no s p e c i f i c  p r e d a t o r  cou ld  be 
i m p l i c a t e d .
Turkey  V u l t u r e s  ( C a th a r t e s  a u r a ) , Crows ( Corvus brach yrhynch os ) , 
and Ravens (Ĉ . co rax )  p rey  on heron eggs and young (Mehner 1951 ,  Temple 
1 9 6 9 , Ives  1 9 7 2 , W i lb u r n  1972,  McAloney 1973,  P r a t t  1977) ,  but  I d id  
not  ob s erve  such e v e n t s .  P r e d a t i o n  is  g e n e r a l l y  thought  not  to  be a 
s i g n i f i c a n t  cause o f  m o r t a l i t y  in young G reat  B lue  Herons,  and a d u l t  
herons show a conspicuous la c k  o f  a n t i - p r e d a t o r y  b e h a v io r  (Cottam and 
W i l l i a m s  1939 ,  M i l s t e i n  e t  a l .  1970,  Page 1971,  Ives  1972 ,  Ward and 
Zahavl  1973 ,  Krebs 1974 ,  Werschkul e t  a l .  1 97 7 ) .
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Feed î nq
Herons d id  no t  fe e d  o f t e n  on the  main r i v e r  c h a n n e ls ,  but  appeared  
t o  p r e f e r  the s low er -m ov ing  o r  s t i l l  w a te rs  o f  the  s id e  c h a n n e ls ,  s lo u g h s ,  
r e s e r v o i r s ,  and i r r i g a t i o n  d i t c h e s .  The w a te r  l e v e l s  in most o f  these  
f e e d in g  s i t e s  f l u c t u a t e d  w i d e l y  o v e r  the course o f  the  s p r in g  and summer, 
and many o f  them d r i e d  up c o m p le t e ly  by J u l y .
Herons most f r e q u e n t l y  were seen fe e d in g  s o l i t a r i l y ,  a l th o u g h  groups  
o f  2 were common, and groups o f  3 o r  4 were o c c a s i o n a l l y  seen.  Members 
o f  a group d i d  no t  fe e d  In p r o x i m i t y  to  one a n o th e r  but  were spaced a t  
l e a s t  5 m a p a r t  and u s u a l l y  f a r t h e r ,  s u g g e s t iv e  o f  Krebs'  (1974)  " m o d i f i e d  
f l o c k s " ,  in which members a r e  spaced t o  a vo id  d i s t u r b i n g  the p re y .
H a tc h in g  da tes
The e a r l i e s t  h a t c h in g  began about  14 May on the  B i t t e r r o o t  and C la r k  
F o rk ,  and 20 May on the  F la t h e a d  and Swan r i v e r s .
R e p r o d u c t iv e  success
The number o f  a c t i v e  nes ts  was f a i r l y  c o n s ta n t  f o r  a p a r t i c u l a r  
co lo n y  s i z e ;  i t  c o r r e l a t e d  w e l l  w i t h  the  number o f  nests p re s e n t  ( F ig u r e  
4 ) .  A s i m i l a r  r e l a t i o n s h i p  h e ld  between the numbers o f  s u c c e s s fu l  and 
a c t i v e  ne s ts  ( F ig u r e  5 ) -  The % o f  s u c c e s s fu l  nests was a p p a r e n t ly  not  
dependent  on the  number o f  b i r d s  in  a c o lo n y ;  nor  was t h e r e  an optimum 
co lony  s i z e  in  terms o f  f l e d g i n g  success ( t h e  number o f  young per  a c t i v e  
n e s t  o r  the  number p e r  s u c c e s s fu l  n e s t ) .  F le d g in g  success d id  not  
c o r r e l a t e  w e l l  w i t h  r e p r o d u c t io n  o r  v e g e t a t i o n  p a r a m e te r s ,  p ro b a b ly  
because o f  the l a r g e  v a r i a n c e  a s s o c i a t e d  w i t h  small  sample s i z e s .  The
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a c t  i ve  
nests
100
r  = 0 .9 6  
p 'C O .01
100
if nes ts
F i g u r e  R e l a t i o n s h i p  between the number o f  a c t i v e  n es ts  
and the  t o t a l  number o f  nes ts  in a c o lo n y .
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75
50
s u c c e s s f u l
n e s ts
25
r  = 0 . 9 9  
p d O . O l
50
if a c t i v e  n e s ts
too
F i g u r e  5 .  R e l a t i o n s h i p  between the  number o f  n e s ts  used
and th e  number o f  n es ts  from w hich  young f l e d g e d .
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sm al l  c o l o n i e s  had a wide  range o f  f l e d g i n g  success ( 1 . 0  -  2 . 8  young 
p e r  a c t i v e  n e s t ) ,  whereas th e  l a r g e  c o l o n i e s  were less  v a r i a b l e  ( 1 . 5  ~ 
2 . 3  young per  a c t i v e  n e s t ) .  Some o f  the smal l  c o l o n i e s ,  w i t h  f l e d g i n g  
successes c a l c u l a t e d  from o n ly  a few n e s t s ,  were re p re s e n te d  by o v e r l y  
l a r g e  o r  o v e r l y  smal l  f l e d g i n g  success .  Comparisons between the 1978 
and the 1979 d a ta  f o r  any p a r t i c u l a r  small  colony lend support  t o  t h i s  
i n t e r p r é t â t  i o n .
From 13 to  96% o f  the  n es ts  in an a c t i v e  co lony were used; the  
average  was 60% (T a b le  8 ) .  S i x t y  t o  100% o f  the  a c t i v e  nes ts  in a 
co lony  f le d g e d  young; the ave rage  success r a t e  was 83%. Only small  
c o l o n i e s  a t t a i n e d  100% success .  Here aga in  smal l  sample s i z e s  may 
have a f f e c t e d  the  r e s u l t s .
The 1979 f l e d g i n g  success f o r  n o r th w e s te r n  Montana was 1 . 8 8  young 
per  a c t i v e  n e s t ,  o r  2 . 2 5  young per  s u c c e s s fu l  n es t  (T a b le  8 ) .  F le d g in g  
successes on the d i f f e r e n t  r i v e r s  proved s i g n i f i c a n t l y  d i f f e r e n t  in 1 
i n s t a n c e  o n l y :  the  Swan R i v e r  c o l o n i e s  had h ig h e r  f l e d g i n g  success
than the  lower  F la t h e a d  c o l o n i e s  ( t - t e s t ) .
Di s tu rb a n c e
My a r r i v a l s  a t  the  h e r o n r i e s  n e v e r  f a i l e d  t o  f l u s h  some b i r d s ,  
a l th o u g h  I r a r e l y  approached c l o s e r  than 50 m. In March and e a r l y  
A p r i l ,  the  b i r d s  r e a d i l y  l e f t  the  n e s t s .  L a t e r  on ,  in c u b a t in g  b i r d s  
u s u a l l y  d id  not  take  f l i g h t  but  crouched low in the n e s ts .  I f  they  
d id  f l u s h ,  they  c i r c l e d  overhead  and q u i c k l y  r e t u r n e d .  During the  
summer months, when the ne s ts  were con cea led  by f o l i a g e  and th e  a d u l t s  
r e t u r n e d  o n l y  to  feed  the  young,  my presence d id  no t  appear  t o  a f f e c t
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t h e ! r  r e t u r n ,
The average  d i s t a n c e  to  a co lony  from a d i r t  o r  paved road was 
0 . 6 2  km; from a paved road 1 .2 5  km; from housing O . 7 I km; and from  
w a t e r  79 m (T a b le  9 ) -  Only  the d i s t a n c e  from w a t e r  d i f f e r e d  s i g n i f i c a n t l y  
between a c t i v e  and i n a c t i v e  c o l o n i e s  ( t - t e s t  o r  F is h e r -B e h re n s  t e s t ) .  
A c t i v e  c o l o n i e s  were on the  ave rage  90 m away from the  w a t e r ,  and 
i n a c t i v e  c o lo n ie s  were 43 m away.
The number o f  a c t i v e  n e s t s ,  a long  w i t h  the  o t h e r  r e p r o d u c t io n  
param e te rs  ( w i th  the  e x c e p t io n  o f  f l e d g i n g  success) ,  c o r r e l a t e d  w e l l  w i t h  
the  d i s t a n c e  from each co lony  to  the n e a r e s t  d i r t  o r  paved road ( p a i r ­
w is e  c o r r e l a t i o n ,  F ig u r e  6 ) .  The d is t a n c e s  from housing o r  from the  
r i v e r  d id  not  appear  t o  a f f e c t  co lony  s i z e .
S i x t y  p e r c e n t  (n=3)  o f  the  i n a c t i v e  c o l o n i e s ,  compared to  29% (n=5)  
o f  the  a c t i v e  c o l o n i e s ,  were  v i s i b l e  from highways.  Two o f  the 5 a c t i v e  
c o lo n ie s  were on N a t i o n a l  W i l d l i f e  Refuges.  F le d g in g  success in the  
o t h e r  3 was s i g n i f i c a n t l y  lower  than in those 12 c o lo n ie s  not  v i s i b l e  
f rom highways ( t - t e s t ) .  The number o f  nes ts  d id  no t  d i f f e r  s i g n i f i c a n t l y .
The e f f e c t s  o f  d i s t u r b a n c e  and v e g e t a t i o n  on the  number o f  a c t i v e  
nes ts  was i n v e s t i g a t e d  w i t h  a s t e p - w i s e  m u l t i p l e  re g r e s s io n  a n a l y s i s .  
Independent  v a r i a b l e s  were added s i n g l y  u n t i l  the e x p la i n e d  v a r i a n c e  
in c rease d  by less  than 2%. S i x t y - s i x  p e r c e n t  o f  the  v a r i a t i o n  in the  
number o f  a c t i v e  nes ts  cou ld  be e x p l a i n e d  by the d i s t a n c e  from the  
n e a r e s t  r o a d ,  nes t  h e i g h t ,  and p l o t  t r e e  dbh (T a b le  1 0 ) .  Regressions  
run on th e  number o f  n e s ts  o r  s u c c e s s fu l  nes ts  o r  t o t a l  number o f  young 
r e s u l t e d  In e q u a t io n s  w i t h  the same v a r i a b l e s .
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T a b le  9: D is ta n c e  o f  each co lony  from c l o s e s t  road ,  house, and
main r i v e r  c h a n n e l ,  l a k e ,  o r  r e s e r v o i r .
Hero nry
Di s tance  
from Road 
(km)
Di s tance  
from House 
(km)
Di s tance  
from Water  
(m)
Lo lo 0 . 4 0 . 4 2
F lo re n c e 0 . 7 0 . 5 47
Lee M e t c a l f 0 . 3 0 . 3 800
S t e v e n s v i 11e 0 . 9 0 . 5 55
V i c t o r 0 . 3 1 .7 122
K e l l y  1 s 1 and 0 . 6 0 . 6 12
Drummond 1 .0 0 . 5 57
Jens 0 . 5 1 .2 41
B u f f a l o  Rapids 1 .2 1 .1 30
Moi ese 0 . 3 0 . 7 9
Di xon 0 . 3 0 . 2 15
Perma Dump 0 . 4 0 . 7 3
Perma 1 0 . 6 2 . 6 14
Perma 2 0 . 4 0 . 5 8
N inep i  pe 0 . 8 0 . 7 1
Evergreen 1 .2 0 . 5 8
Owen Souerwine 0 . 9 0 . 8 100
Rose Creek 0 . 5 0 . 4 15
F e rn d a le  N o r th 0 . 5 0 . 4 30
F e r n d a le  South 0 . 5 0 . 4 17
Swan R i v e r 0 . 5 0 . 4 150
Soup Creek 0 . 9 0 . 6 3
Average 0 . 6 2 0 .71 70
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D i s t a n c e  from road ,  in km.
F ig u r e  6 ,  R e l a t i o n s h i p  between number o f  a c t i v e  nes ts  and 
co lony  d i s t a n c e  from n e a r e s t  d i r t  o r  paved road,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
35
T a b le  10. R e s u l ts  o f  s t e p - w i s e  m u l t i p l e  r e g r e s s io n  a n a l y s i s .  The 
column l i s t s  the  c o n s ta n ts  in the  r e g r e s s io n  e q u a t io n  
a s s o c i a t e d  w i t h  th e  v a r i a b l e s .  The l a s t  2 columns show 
the  in c re a s e s  in the  c o r r e l a t i o n  c o e f f i c i e n t  R and the  
c o e f f i c i e n t  o f  d e t e r m i n a t i o n  R ^ , w i t h  the  a d d i t i o n  i n t o  
the e q u a t io n  o f  the cor res p o n d in g  v a r i a b l e .
Dependent V a r i a b l e Independent  V a r i a b l e B R r2
ff a c t i v e  nes ts D is ta n c e  from road 5 2 .5 .54 .29
Nest h e ig h t - 4 . 2 5 .74 .55
P l o t  t r e e  dbh 0 .7 9 4 .81 . 66
Constant 5 0 . 0
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DISCUSSION
Heronry  V e g e t a t i o n  
Although  h e r o n r i e s  were found in many d i f f e r e n t  h a b i t a t s ,  the  
t y p i c a l  n o r th w e s te r n  Montana h e ro n ry  was s i t u a t e d  in a r i v e r i n e  bot tom­
la n d ,  in a dense s tand  o f  t a rg e  t r e e s  ( u s u a l l y  cottonwoods)  25~30 m 
high  and w i t h  an average  dbh o f  7 0 - 8 0  cm. O th e r  c h a r a c t e r i s t i c s  inc lu d ed  
dense canopy (50-70% canopy c o v e r )  and u n d e r s to ry  (15000 shrub s t e m s /h a ) .
Nest  t r e e  spec ies
The t r e e  spec ies  s e l e c t e d  by herons f o r  n e s t i n g  was n e a r l y  always  
the  dominant  spec ies  in the  bo t tom lan d  (T a b le s  5 and 6 ) .  A l l  the  
l a r g e  c o l o n i e s  were in cot tonwoods.  The canopy o f  the  c o n i f e r s  was 
denser  than t h a t  o f  the cottonwoods and less  s u i t a b l e  f o r  h o ld in g  n e s t s ,  
a l th o u g h  some o f  th e  ponderosa p ines  ( i n  p a r t i c u l a r  those in B i l l i n g s '  
s tu d y )  were  l a r g e  and ample enough to  ho ld  numerous n e s ts .  The s u p e r i o r  
h o ld in g  c a p a c i t y  o f  the  cottonwoods was not  the  o n l y  reason cottonwood  
c o lo n ie s  had more n e s t s ;  the ave rage  number o f  nes t  t r e e s  in  cottonwood  
c o l o n i e s  was g r e a t e r  than th e  ave rage  number in c o n i f e r  c o l o n i e s .  I n d i c a t i n g  
t h a t  the  herons e i t h e r  p r e f e r r e d  the  cottonwood h a b i t a t  o r  avo ided  the  
c o n i f e r  h a b i t a t s .
Nest  t r e e  s i z e
The average  dbh o f  the  nes t  t r e e s  was h i g h l y  v a r i a b l e  from co lony  
t o  c o lo n y .  Nest  h e i g h t ,  however ,  was r e l a t i v e l y  c o n s t a n t ,  and presumably
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o f  some im portance  in t r e e  s e l e c t i o n  by the  h eron s .  The n o t i c e a b l e  
e x c e p t io n  to  t a l l  n e s t  t r e e s  was a t  N in e p ip e  N a t i o n a l  W i l d l i f e  Re fuge ,  
a h i g h l y  p r o d u c t i v e  r e s e r v o i r  and marsh,  where the  o n ly  t r e e s  a v a i l a b l e  
were 17 m t a l l .  The v a s t  m a j o r i t y  o f  the heron nes ts  in t h i s  s tudy  
were in  the  top 20% o f  the  t r e e s '  h e i g h t .
W i t h i n  a g iven  s t a n d ,  herons s e l e c t e d  the  l a r g e s t  t re e s  a v a i l a b l e ,
as i n d i c a t e d  by: I )  n es t  t r e e  dimensions were s i g n i f i c a n t l y  l a r g e r  than  
those o f  the p l o t  t r e e s ;  and 2) as co lony  s i z e  in c r e a s e d ,  the  mean nest  
t r e e  s i z e  de c re a s e d .  T a l l  t r e e s  became less  a v a i l a b l e  as a heronry  grew,
and the  b i r d s  t h a t  a r r i v e d  l a t e  in the  s p r in g  were fo rc e d  to  n es t  in
s m a l l e r  t r e e s ,  th e r e b y  d e c re a s in g  the mean n e s t  t r e e  d im ensions.  Why 
herons s e l e c t e d  the  l a r g e s t  p o s s ib le  t r e e s  is  not  known. Big t r e e s ,  
w i t h  c o r r e s p o n d in g ly  t h i c k e r  and more d u r a b le  branches than s m a l le r  
t r e e s ,  may p r o v id e  g r e a t e r  n e s t  suppor t  o v e r  t im e .  Nests  in l a r g e  
t r e e s  a r e  p ro b a b ly  less  v u l n e r a b l e  to  mammalian p r e d a t i o n  than nes ts  
in smal i e r  t r e e s .
Dead and dy ing  n e s t  t r e e s
Dead branches o f f e r  less  n es t  su p p o r t  and p r o t e c t i o n  ( e s p e c i a l l y  
im p o r ta n t  in h igh  winds and on hot  days)  than do l i v e  b ranches.  When 
branches break  and n e s ts  blow o u t ,  a t r e e  is  u s u a l l y  abandoned. A heron  
co lony  may move as much as 7 *6  m a y e a r  in  the  d i r e c t i o n  o f  h e a l t h y  
t r e e s  (Kerns and Howe I 9 6 7 ) -
A p a u c i t y  o f  s u i t a b l e  n es t  t r e e s  is  one reason f o r  he ron ry  abandon­
ment ( M i l l e r  1943 ,  Fahey 1968 ,  Vermeer 1 9 6 9 ) .  A l though  the number and
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s i z e  o f  t r e e s  d i d  n o t  appear  to  be a l i m i t i n g  f a c t o r  in t h i s  s t u d y 's  
i n a c t i v e  c o l o n i e s ,  i t  may become one in s e v e r a l  a c t i v e  c o lo n ie s  faced  
w i t h  t r e e  s h o r t a g e s .  The Drummond h e r o n r y ,  in a smal l  cottonwood  
stand  surrounded by c a t t l e  p a s tu re s  and the r i v e r ,  s h i f t e d  i t s  c e n t e r  
o f  a c t i v i t y  in 1979 ,  but  cannot  c o n t in u e  t h i s  t r e n d  i n d e f i n i t e l y .  A 
s i m i l a r  phenomenon is  o c c u r in g  a t  the N in e p ip e  N a t io n a l  W i l d l i f e  Refuge,  
where a l a r g e  c o n c e n t r a t i o n  o f  herons and cormorants have k i l l e d  most 
o f  the  few t r e e s  a v a i l a b l e .  The herons on the  Lee M e t c a l f  N a t io n a l  
W i l d l i f e  Refuge were i s o l a t e d  in a lo n e ,  dy ing  cottonwood.  At the  
n o r t h e r n  F e r n d a le  c o lo n y ,  a logg ing  o p e r a t i o n  removed a l l  but  the  nes t  
t r e e s ,  which were dy ing  lo d g e p o le  p ines  and 1 dead cottonwood.  The 
herons w i l l  soon have no a l t e r n a t i v e  but  t o  abandon these s i t e s .
The f r a g m e n t a t i o n  o f  r i p a r i a n  h a b i t a t ,  r e s u l t i n g  from c l e a r i n g  
f o r  g r a z i n g  and dev e lo p m en t ,  has reduced the  l i f e s p a n  o f  most c o l o n i e s .  
I n s te a d  o f  moving s t a t i c a l l y  w i t h i n  an a re a  as the  t r e e s  r e p la c e  them­
s e l v e s ,  the  herons a re  fo r c e d  t o  move f r e q u e n t l y  between s m a l l ,  i s o l a t e d  
stands where the  t r e e s  a r e  k i l l e d  o r  damaged f a s t e r  than they  a r e  r e p la c e d .
Heronry  B reed in g  Data
Colony s i z e
The average  number o f  n e s ts  (n=26)  in n o r th w e s te r n  Montana c o lo n ie s  
was low er  than most o t h e r  averages  in N o rth  A m er ica .  The average co lony  
s i z e  in M ani toba  was 57 nes ts  (Vermeer 1 9 7 0 ) ;  in the  Chippewa N a t io n a l  
F o r e s t ,  M in n e s o ta ,  52 n e s ts  (M a th ieson  and R ichards  1 9 7 8 ) ;  on the Oregon 
c o a s t ,  70 (Werschkul  e t  a l .  1 9 7 7 ) ;  and in Quebec, 35 nes ts  (DesGranges
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and L a p o r te  1 9 7 9 ) .  In 1 I n s t a n c e ,  c o lo n ie s  were o f  s i z e s  comparable  
t o  those In  n o r th w e s te r n  Montana; In A l b e r t a ,  h e r o n r ie s  averaged
21 nes ts  (Vermeer  I 9 & 9 ) .  Lack (1954 )  and Vermeer (1970 )  a t t r i b u t e d
d i f f e r e n c e s  in  co lony  s i z e  to  d i f f e r e n t  fe e d in g  c o n d i t i o n s .  Montana 
and A l b e r t a  a re  In the  d r y ,  n o r t h e r n  reg io n  o f  the In la n d  b reed ing  
range o f  the G reat  Blue Heron (Pa lmer  1 9 6 2 ) ,  and may re p r e s e n t  extremes
In terms o f  c l i m a t e  and p r o d u c t i v i t y .
Use o f  heron nes ts  by o t h e r  spec ies
G re a t  Blue Herons a r e  not  h i g h l y  t e r r i t o r i a l ,  and w i l l  t o l e r a t e  
many o t h e r  spe c ie s  In the  c o l o n i e s ,  d e s p i t e  p robab le  p r e d a t io n  and 
o t h e r  I n t e r s p e c i f i c  c o n f l i c t s  (Mehner 1951 ,  C o t t r i l l e  and C o t t r i l l e  
1 9 5 8 , Hedeen 1967,  Temple 1969,  Kn ight  and E r ickso n  1 9 7 8 ) .  Cormorants ,  
Canada Geese, hawks, o w ls ,  and Ospreys may a l l  b e n e f i t  from the nes t  
c o n s t r u c t i o n  o f  herons .
P r e d a t I  on
Ten o f  the 22 c o lo n ie s  were on permanent I s l a n d s ,  and 3 o th e r s  were  
on Is la n d s  d u r in g  peak f l o w .  Herons a re  o f t e n  thought  to  nest  on is la n d s  
t o  a v o id  mammalian p r e d a to r s  (Vermeer  1 9 6 9 ) .  The herons In  the s tudy  
nes ted  as h igh above th e  ground as p o s s i b l e ,  a n o th e r  means o f  m in im iz in g  
p r e d a t i o n .  However,  the % o f  s u c c e s s fu l  nest  In each colony was high and 
f a i r l y  c o n s ta n t  between h e r o n r i e s ,  s u g g es t in g  t h a t  p r e d a t io n  was not  heavy.
R e p ro d u c t iv e  success
The 1979 f l e d g i n g  success o f  1 .8 8  young per  n e s t in g  p a i r  In  n o r t h ­
w e s te rn  Montana was c lo s e  to  the I . 9 I l e v e l  thought  necessary  to  m a in ta in
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a s t a b l e  p o p u la t i o n  (Henny 1 9 7 2 ) .  N ine  o f  the  17 a c t i v e  c o lo n ie s  had 
mean f l e d g i n g  successes be low 1 . 9 1 , and 8 had h i g h e r  r a t e s  (a l th o u g h  
sm al l  c o l o n i e s  a re  o f t e n  m is re p r e s e n te d  by the mean f l e d g i n g  successes ,  
th e y  a r e  as apt  to  be m is r e p r e s e n te d  on the h igh as on the low s i d e ) .
The 1979 f l e d g i n g  success o f  2 . 2 5  young per  suc c e s s fu l  p a i r  in  
n o r th w e s te r n  Montana was h i g h e r  than r a t e s  observed in C a l i f o r n i a  and 
Quebec, and lower than r a t e s  in  Oregon,  A l b e r t a ,  and Nova S c o t i a  (T a b le  1 1 ) .  
Many o f  the  C a l i f o r n i a  and Quebec s i t e s  re p re s e n te d  d i s t u r b e d  o r  h e a v i l y  
p o p u la te d  a reas  ( P r a t t  1970,  1972; Ives 1972;  DesGranges e t  a l .  1 9 7 9 ) .  
Werschkul e t  a l .  ( 1976 )  found f l e d g i n g  success to  be lower  in a d i s ­
tu rb e d  co lony  than in 3 o u t  o f  4 u n d is tu r b e d  s i t e s .
The b es t  i n d i c a t i o n  o f  co lony  h e a l t h  may be the  perce n ta ge  o f  nes ts  
used,  i r r e s p e c t i v e  o f  f l e d g i n g  success o r  co lo n y  s i z e .  F le d g in g  success  
f l u c t u a t e s  from y e a r  to  y e a r  w i t h  the  w e a th e r  and v a r y in g  fe e d in g  c o n d i t i o n s ,  
and co lony  s i z e  is  f r e q u e n t l y  l i m i t e d  by a l a c k  o f  s u i t a b l e  nes t  t r e e s .
In any p a r t i c u l a r  y e a r ,  f l e d g i n g  success may h e lp  p i n p o i n t  the cause o f  
m o r t a l i t y  o r  abandonment.  In a few in s ta n c e s  where f l e d g i n g  success  
was h ig h  b u t  a . l a r g e  p e rc e n ta g e  o f  nes ts  were unused ( L o l o ,  M o ie s e ) ,  
i t  appeared t h a t  the  h e r o n ry  was in the process o f  be ing abandoned,  but  
f o r  reasons o t h e r  than low food a v a i l a b i l i t y  o r  p r e d a t i o n ,  such as d i s ­
tu r b a n c e .  S t a r v a t i o n  and p r e d a t i o n  were more l i k e l y  t o  be l i m i t i n g  
f a c t o r s  when f l e d g i n g  success was low ( F l o r e n c e ,  Perma Dump, Perma 1,
Rose C r e e k ) , r e g a r d le s s  o f  how many nes ts  were used (DesGranges and 
L a p o r te  1 9 7 9 ) .
The average  % o f  n e s ts  used in t h i s  s tudy  (60%) was c o n s id e r a b ly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4)
T a b le  11. Colony s i z e  and f l e d g i n g  success from v a r io u s  sources .
it a c t i v e  n es ts  
in co lony
a f l e d g e d /  
su c c e s s fu l  nes t
Comments Source
1. 44 -  62 2 .  1 P r a t t  1 9 7 0 , 1972 
C a l i  fo rn  i a
2 .  55 2 . 0 Some
d i s tu rb an c e
Ives 1972 
C a l i  fo r n  i a
3.  55 2 .61 Henny and Be thers  1971 
Oregon
4.  33 2 . 2 0 Di s tu rb e d Werschkul e t  a l .  1976
161 2 . 7 0 Und i s tu rb ed Oregon
88 2 . 5 3 Und i s tu rb ed
86 2 . 5 8 U n d is tu rbe d
97 2 . 1 8 Undi s tu rb ed
5. 1 -  55 2 .51 27 c o lo n ie s Vermeer 1969 
A1 b e r t a
6 .  1 -  135 2 . 1 5 38 c o lo n ie s DesGrangers e t  a l .  1979 
Quebec
7. 42 3 . 0 9 McAloney 1973 
Nova S c o t ia
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lower  than th e  p e r c e n t  in w es te rn  Oregon ($1%; Werschkul e t  a l .  1977) and 
Quebec ( 8 3 %; DesGranges e t  a l .  1 9 7 9 ) ,  and may i n d i c a t e  a lower  degree  
o f  s t a b i l i t y  in th e  Montana h e r o n r i e s .
Di s tu rb a n c e
D i s t a n c e  from roads
V i s i b i l i t y  o f  a co lony  and v u l n e r a b i l i t y  t o  van da l ism  and o t h e r  
human i n t r u s i o n s  a r e  d i r e c t l y  r e l a t e d  t o  the  c o l o n y 's  i s o l a t i o n  from  
r o a d s .
In the  m i d - 1 9 6 0 ' s ,  s e v e r a l  vanda ls  were seen sho o t in g  herons out  
o f  the  n e s t  t r e e s  o f  a l a r g e  co lo n y  near  Drummond on the  C l a r k  Fork  
( W i l l i a m  and M a rg a re t  W a l l a c e ,  p e r s .  comm.).  The co lony  was s u b seq u e n t ly  
abandoned, and in  1978 t h e r e  were 2 s m a l l e r  c o lo n ie s  in the same gen era l  
a r e a .  One o f  these  2 c o l o n i e s ,  a t  Jens ,  was i n a c t i v e  in 1978 and 1979.  
but  had a s u r p r i s i n g l y  l a r g e  number o f  nes ts  ( n = 3 9 ) , im p ly in g  t h a t  the  
b i r d s  d e s e r te d  the  co lo n y  a b r u p t l y  as a r e s u l t  o f  a p r e c i p i t o u s  e v e n t ,  
and not  by degrees o v e r  s e v e r a l  y e a r s .  Shoot ing  may s t i l l  be a problem  
in Montana,  on the  C l a r k  F o rk ,  and in  the  lower F l a t h e a d  V a l l e y  where  
t r o u t  h a t c h e r i e s  and t r o u t  farms a r e  numerous and where herons had low 
r e p r o d u c t i v e  success in  1978 -1979*
Four o f  the  6 c o l o n i e s  on the  lower  F la t h e a d  were v i s i b l e  from  
h ighways.  Two o f  these  were i n a c t i v e  in 1979,  and the  o t h e r  2 had the  
lowest  f l e d g i n g  success and were among the  s m a l l e s t  c o lo n ie s  in  t h i s  
s t u d y .
The number o f  n es ts  in a h e ro n ry  may d ec rease  w i t h  p r o x i m i t y  to  
roads because o f  a l a c k  o f  s u i t a b l e  h a b i t a t  nea r  roads due to  d e v e lo p -
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ment.  In t h i s  s tu d y  however ,  t h e r e  were no c o r r e l a t i o n s  between ne s t  
t r e e  and p l o t  t r e e  d imensions o r  the  number o f  a v a i l a b l e  t r e e s  and 
d i s t a n c e  from roads ( p a i r - w i s e  c o r r e l a t i o n s ) .  Few o f  the  smal l  c o lo n ie s  
c lo s e  t o  roads appeared l i m i t e d  by n es t  t r e e s  (Perma 1, Rose Creek ,  
F e r n d a le  S o u th ,  Soup C r e e k ) .
The average  d i s t a n c e  from a paved road to  a co lony was 1 .2 5  km, 
rem arkab ly  s i m i l a r  t o  the  1 .2 6  km average  d i s t a n c e  documented in the  
Chippewa N a t io n a l  F o r e s t ,  M innesota  (M ath ieson  and Richards 1 9 7 8 ) .
D is ta n c e  from r i v e r
Four o f  the  5 i n a c t i v e  c o l o n i e s  and many o f  the  small  c o lo n ie s  
were c l o s e  t o  the w a t e r ' s  edge.  Colony s i z e  may not  have c o r r e l a t e d  
w e l l  w i t h  the  d i s t a n c e  from th e  r i v e r ,  because o f  d i f f e r e n c e s  in 
r e c r e a t i o n a l  use o f  the  4 r i v e r s .  The Swan and upper  F la th e a d  r i v e r s  
were n o t  as h e a v i l y  used as th e  B i t t e r r o o t ,  C l a r k  F o rk ,  and lower  
F la t h e a d  r i v e r s .
A l l  the  c o lo n ie s  on the  lower  F la th e a d  were c lo s e  t o  the R iv e r  
and h i g h l y  v i s i b l e  f rom th e  w a t e r .  A t o t a l  o f  9 p a i r s  nes ted  in 3 
a c t i v e  c o l o n i e s  on the  lower  F l a t h e a d  in  1979- Ten years  ago ,  a t  
l e a s t  95 p a i r s  n es ted  on the same r i v e r  ( B i l l i n g s ) .  The h a b i t a t  d id  
not  change,  but  r e c r e a t i o n a l  use o f  the  r i v e r  Inc rease d  m arked ly .
Because th e  v e g e t a t i o n  was r e s t r i c t e d  t o  a narrow band a long both  
banks,  th e  b i r d s  had no a l t e r n a t i v e  but to  nes t  c lo s e  t o  the  w a t e r .
As r i v e r  use in c rease d  o v e r  th e  10 y e a r s ,  the  p o p u la t i o n  o f  herons  
s h i f t e d  from the r i v e r  t o  a r e s e r v o i r  on th e  N in e p ip e  N a t io n a l  W i l d l i f e
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Refuge 16 km away. Canada Geese have a l s o  s h i f t e d  o f f  the  r i v e r  onto  
the  r e s e r v o i r  w i t h  In c re a s e d  r e c r e a t i o n a l  use o f  the  r i v e r ,  acc o rd in g  
t o  U .S .  F ish  and W i l d l i f e  b i o l o g i s t  Bob T w is t  (Stromnes 1979)*
Seven p a i r s  on the lower  F la th e a d  a t  Dixon were observed in c u b a t in g  
eggs through mid-May 1978.  When I r e t u r n e d  to  the s i t e  in m id -Ju n e ,  
the  co lony  was d e s e r t e d .  Dur ing the i n t e r v a l ,  a p p r o x im a t e ly  150 p e o p le ,  
in  1 day a l o n e ,  had canoed past  the  he ron ry  ( t h e  f l o a t  t r i p ,  sponsored  
by the  F la th e a d  Forum Committee in response to 5 dam propo sa ls  by the  
Army Corps o f  E n g in e e r s ,  was an e f f o r t  t o  draw support  f o r  m a i n t a i n i n g  
th e  r i v e r  in i t s  p r i s t i n e  s t a t e ) .
The number o f  a c t i v e  p a i r s  a t  the  Lo lo  heron ry  on the B i t t e r r o o t  
R i v e r  decreased  from 7 p a i r s  in 1978 to  2 p a i r s  in 1979- E ig h t  km 
upstream ,  a t  F lo r e n c e ,  the number o f  a c t i v e  p a i r s  in creased  from 4 to  
10 p a i r s  in the  same p e r i o d .  The Lo lo  c o lo n y ,  i n i t i a t e d  in 1975 on 
p u b l i c ly - o w n e d  land (Pomeroy 1 9 7 5 ) .  is  a p o p u la r  s i t e  w i t h  f isherm an  
and b e a v e r - t r a p p e r s . The F lo re n c e  co lony  was on p r i v a t e  land f a r t h e r  
back and less  v i s i b l e  from th e  R i v e r .  Because o f  human a c t i v i t y  a t  
th e  Lo lo  s i t e ,  I b e l i e v e  t h a t  most o f  th e  b i r d s  d e s e r te d  the co lony  
and moved to  F lo r e n c e .  The L o lo  co lony  may have been i n i t i a t e d  by a 
s p l i n t e r  group from t h e  F lo r e n c e  c o lo n y ,  which was much l a r g e r  in 1969 
than i t  was in 1979*
R e c r e a t io n a l  use o f  the  r i v e r s  in the s tudy a r e a ,  except  in the  
in s ta n c e s  d e s c r i b e d ,  was l i g h t  and d id  no t  appear  t o  a f f e c t  the  l o c a t i o n  
o r  s i z e  o f  h e r o n r i e s .
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D i s t a n c e  from housing
Herons can a p p a r e n t l y  h a b i t u a t e ,  w i t h i n  l i m i t s ,  to  p rox im ate  
h ou s ing .  A h e ro n ry  n e a r  a house is  more l i k e l y  to  be on p r i v a t e  
p r o p e r t y  and l e s s  d i s t u r b e d  by p eo p le  pass ing  th ro u g h .  Housing is  
not  n e c e s s a r i l y  a source o f  d i s t u r b a n c e  in i t s e l f ,  but may be assoc­
i a t e d  w i t h  roads and th e  c l e a r i n g  o f  h a b i t a t .  A co lony  on the  upper  
F la t h e a d  was r e p la c e d  by housing w i t h i n  the l a s t  10 y e a r s .  The Rose 
Creek co lony  on th e  F la th e a d  is q u i c k l y  be ing  surrounded by ho u s in g ,  
and in 197 8 -1979  o n l y  h a l f  o f  the  ne s ts  were used.
O th e r  sources o f  d i s t u r b a n c e
E a r l y  s p r i n g . B i l l i n g s '  b l i n d  c o n s t r u c t i o n  a t  the  Moiese co lony  
in March 1970 caused 95 p a i r s  to  abandon the s i t e  and e s t a b l i s h  a 
new h e ro n ry  on the  N in e p ip e  N a t i o n a l  W i l d l i f e  Refuge.  Fishermen near  
the  Lo lo  co lony  in A p r i l  1979 caused most o f  th e  b i r d s  t o  move to  
th e  F lo r e n c e  c o lo n y .  People  on the  F la th e a d  R i v e r  a t  the  Dixon h e ro n ry  
in  May 1978 p ro b a b ly  caused i t s  abandonment,  d e s p i t e  the  l a te n e s s  o f  
the  season.  Campers n e a r  a C a l i f o r n i a  h e ro n ry  in March caused some 
herons to  abandon th e  s i t e  ( I v e s  1 9 7 2 ) .
My presence  was a lways a g r e a t e r  source o f  d i s t u r b a n c e  in  e a r l y  
s p r in g  than l a t e r ,  even though I m a in ta in e d  a 100 m d i s t a n c e  in the  
s p r in g  and had to  move in  c l o s e r  as th e  b r e e d in g  season p rogressed .
I nev er  went nea r  th e  n e s t  t r e e s  when herons were p re s e n t  and I always  
kep t  my d i s t a n c e  when census ing  to  a v o id  d i s t u r b i n g  the  b i r d s  and to  
g e t  a c c u r a t e  counts  - -  I do not  f e e l  I was a s i g n i f i c a n t  source o f  
d i s t u r b a n c e .
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March,  A p r i l ,  and e a r l y  May a r e  a c r i t i c a l  p e r io d  f o r  herons;  
d u r in g  t h i s  p e r i o d  th e y  w i l l  e a s i l y  abandon a nes t  s i t e  i f  s u f f i c i e n t ­
l y  d i s t u r b e d .  As the  n e s t i n g  season p ro g r e s s e s ,  and eggs a r e  l a i d  
and h a tc h e d ,  th e  b i r d s  become less prone t o  l e a v e .  T h is  is one reason  
the  number o r  % o f  a c t i v e  n es ts  is  a b e t t e r  i n d i c a t i o n  o f  o v e r a l l  
co lony  h e a l t h  than is  the  co lony  f l e d g i n g  success.
Dams. Changes in  F la th e a d  L a k e 's  w a t e r  l e v e l ,  m an ip u la ted  a t  
K e rr  Dam, k i l l e d  the  t r e e s  in 1 h e ro n ry  t h a t  was s i t u a t e d  10 years  
ago a t  th e  n o r t h  end o f  th e  Lake.
Log g in g . The n o r t h e r n  F e rn d a le  h e ro n ry  was c l e a r e d  2 y e a rs  ago 
o f  a l l  t r e e s ,  e x c e p t  the  nes t  t r e e s  ( t h e  p a s tu r e  is now used f o r  
g r a z i n g  c a t t l e ) .  A f t e r  the  l o g g i n g ,  the  co lony  became v i s i b l e  from  
a ro a d ,  and canopy co v e r  and basal  a r e a  were reduced to  a minimum.
The n e s t  t r e e s ,  among th e  s m a l le s t  sampled in a l l  22 c o l o n i e s ,  were  
m o s t ly  dy ing lo d g ep o le  p ines  t h a t  h e ld  1 nes t  a p i e c e .  Many o f  the  
b i r d s  moved across th e  r i v e r  t o  the  south s i d e .  At  l e a s t  10 nes ts  
on the  n o r t h  s id e  were a c t i v e  in  1978;  o n ly  5 were a c t i v e  in 1979.  
C o r r e s p o n d in g ly ,  the  number o f  p a i r s  on the  south s id e  in creased  from 
8 to  12 in th e  same p e r i o d .  S u r p r i s i n g l y ,  the  2 F e r n d a le  c o lo n ie s  had 
c o n s i s t e n t l y  h igh  f l e d g i n g  successes both  y e a r s .  The heron ry  on the  
south s i d e  is  lo c a t e d  in a a r e a  p r e s e n t l y  be ing  developed by s e v e r a l  
owners c l e a r i n g  th e  land and b u i l d i n g  houses.  In s e v e r a l  y e a r s ,  the  
b i r d s  may be gone.
Ten y e a rs  ago ,  a l a r g e  co lony  o f  100 n es ts  on the  upper F la th e a d  
R i v e r  was d e s t ro y e d  in a lo g g in g  o p e r a t i o n .  The s i t e  was n e a r  what
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
s t a t e  b i o l o g i s t s  c a l l  the  "Salmon H o l e " ,  a l a r g e ,  h i g h l y  p r o d u c t iv e  
pool in  a s i d e  channel  o f  th e  r i v e r .  S in ce  t h a t  t i m e ,  d e s p i t e  heavy  
r e c r e a t i o n a l  use o f  the  a r e a ,  a n o th e r  co lony  (Owen Souerwine)  became 
e s t a b l i s h e d  on an i s la n d  across from th e  o r i g i n a l  s i t e .
The 2 c o lo n ie s  on the  Lee M e t c a l f  and N in e p ip e  N a t io n a l  W i l d l i f e  
Refuges were on o r  c lo s e  to  p r o d u c t i v e  m arsh lands .  N in e p ip e  was 
h e a v i l y  used by f is h e rm e n  in th e  l a t e  s p r in g  and summer, and both  
re fuges  were v e ry  n e a r  h ighways.  The Swan R iv e r  N a t io n a l  W i l d l i f e  
Refuge,  s i t u a t e d  in m arsh lan d ,  was the  o n ly  p la c e  herons nes ted  in 
spruce t r e e s ,  some o f  the  s m a l l e s t  t r e e s  sampled in the s tudy a r e a .
The K e l l y  I s la n d  h e r o n r y ,  on land owned by the  Department  o f  F i s h ,  
W i l d l i f e ,  and P a r k s ,  was h e a v i l y  f r e q u e n te d  by f is h e r m e n ,  h u n t e r s ,  and 
o r n i t h o l o g i s t s .  Only  50% o f  th e  n e s ts  were a c t i v e  in 1979.
Werschkul e t  a l .  (1977 )  found n e s t  d e n s i t y  and nes t  occupancy to  
be lower  in  d i s t u r b e d  than in  u n d is t u r b e d  c o l o n i e s .  U n f o r t u n a t e l y ,  
t h e r e  was no u nequ ivoca l  way t o  d i f f e r e n t i a t e  between d i s t u r b e d  and 
u n d is t u r b e d  c o lo n ie s  in n o r t h w e s t e r n  Montana; a l l  the  c o lo n ie s  were  
d i s t u r b e d  to  some e x t e n t  and by d i f f e r e n t  f a c t o r s .  The r e l a t i v e l y  low 
p e rc e n ta g e  o f  n es ts  o cc up ied  in  n e a r l y  a l l  the  c o l o n i e s  may be a t t r i b u t ­
a b l e  t o  d i s t u r b a n c e .
I s o l a t i o n  and s u i t a b l e  h a b i t a t  a r e  not  the o n l y  c r i t e r i a  in he ron ry  
s i t e  s e l e c t i o n  - -  hence th e  w ide  v a r i a b i l i t y  in  co lony  v e g e t a t i o n  p a r a ­
m e t e r s .  Unmeasured v a r i a b l e s ,  l i k e  a v a i l a b i l i t y  o f  fo o d ,  may be c r i t i c a l  
in i n f l u e n c i n g  th e  l o c a t i o n  o f  a h e r o n ry  and the  t e n a c i t y  o f  the  herons.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
48
R e gress ion  e q u a t io n
The d i s t a n c e  from th e  n e a r e s t  road was th e  most Im p o r ta n t  measured  
f a c t o r  t h a t  i n f l u e n c e d  h e ro n ry  s i z e .  The mean p l o t  t r e e  dbh was a ls o  
s i g n i f i c a n t  as an i n d i c a t i o n  o f  the  number o f  nes ts  a s i t e  can s u p p o r t .  
Sin ce  herons tend to  maximize t h e i r  nes t  h e i g h t s ,  the  mean n es t  h e ig h t  
is  a n o th e r  good index  o f  co lony  s i z e ;  i t  decreases  s t e a d i l y  as fewer  
o p t im a l  s i t e s  become a v a i l a b l e .
T ree  h e i g h t  decreased  w i t h  co lony  s i z e  in a s i m i l a r  s tudy done by 
Werschkul  e t  a l .  ( 1 9 7 7 ) ,  who found e s t u a r y  s i z e  and t r e e  h e i g h t  t o  
be most im p o r ta n t  in  the  p r e d i c t i o n  o f  co lony s i z e s  on the  Oregon c o a s t .
Comparisons w i t h  B i l l i n g s '  Data
Colony d i s t r i b u t i o n ,  s i z e ,  and l i f e s p a n
The number o f  herons on a l l  the  r i v e r s  e x c e p t  the  lower  F la th e a d  
in c re a s e d  s in c e  1969 ( T a b l e  1 2 ) .  The in c re a s e  was accompanied by a 
n o t a b l e  e x t e n s io n  o f  th e  p o p u la t i o n  i n t o  the Swan V a l l e y ,  where the  
b i r d s  n es ted  in smal l  t r e e s  l i k e  lo d g e p o le  and spruce .
In 1 9 6 9 , B i l l i n g s  lo c a t e d  17 c o l o n i e s  (1 more was c r e a te d  in 1 9 7 0 ) ;  
11 o f  th ese  were a c t i v e  and h e ld  a t  l e a s t  427 nes ts  (T a b le  1 2 ) .  In  
1 9 7 9 , the  same s tudy  a r e a  had 24 c o l o n i e s ,  19 o f  which were a c t i v e ,  
w i t h  526 n e s t s .  In a d d i t i o n  t o  these  h e r o n r i e s ,  unconf irmed r e p o r t s  
o f  1 o r  2 n es t  " c o l o n i e s "  were  common in  the  1978 -1979  s tu d y .  The 10-15% 
a ug m e nta t ion  in n o r t h w e s t e r n  M ontana 's  heron p o p u la t i o n  may be a r e s u l t  
o f  e n l i g h t e n e d  p u b l i c  concern f o r  nongame w i l d l i f e  and a decrease  in 
v a n d a l is m .  B i l l i n g s '  f i g u r e s  may have been u n n a t u r a l l y  low as a r e s u l t
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T a b le  12. 1969 -  1979 comparisons in co lony  d i s t r i b u t i o n  and s i z e  
The number o f  nes ts  r e f e r s  to  the a c t i v e  c o lo n ie s  o n l y .
R iv e r tt a c t i v e  c o lo n ie s # nests
1969 3 97
Bi t t e r r o o t
1979 4 116
1969 2 82
C la r k  Fork
1979 2 1 12
1969 2 142
Lower F la th e a d
1979 3 35
1969 0 0
N in e p ip e  NWR
1979 1 79
1969 3 106+
Upper F la th e a d
1979 4 134
1969 1 ?
Swan
1979 5 50
1969 11 427+
T o ta l
1979 19 526
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o f  p r e v io u s  y e a r s '  w e a t h e r ;  Lack (1954 )  found Grey Heron ( Ardea C in e re a )  
numbers in G rea t  B r i t a i n  to  decrease  m arked ly  a f t e r  a harsh w i n t e r ,  and 
then re c o v e r  r a p i d l y .  The number o f  c o l o n i e s  increased  c o n s id e r a b ly  in 
the 10 y e a r s ,  bu t  the mean a c t i v e  co lony  s i z e  decreased from a p p r o x im a t e ly  
40 to  28 nes ts  ( F ig u r e  7 ) .  The number o f  l a r g e  c o lo n ie s  d id  no t  d e c l i n e  
so much as the number o f  small  c o l o n i e s  in c r e a s e d .  I f  the s tudy a r e a ' s  
o p t im a l  s i t e s  f o r  herons a l l  had been f i l l e d  by B i l l i n g s '  t im e ,  a d d i ­
t i o n a l  herons in the 1970 's  would be fo r c e d  i n t o  m argina l  h a b i t a t  where  
o n ly  l i t t l e  groups cou ld  be s u s t a i n e d .  However,  no d i f f e r e n c e  in h a b i ­
t a t  was a p p a re n t  between o l d  and new c o l o n i e s ,  o r  between la r g e  and smal l  
c o l o n i e s  ( t - t e s t s )  .
Se vera l  o f  the  o l d  he ron ry  s i t e s  on the  upper F la th e a d  have been 
logged o r  d e v e lo p ed .  Only 9 o f  B i l l i n g s '  18 o r i g i n a l  c o lo n ie s  e x i s t  to d a y ,  
and 6 o f  those a r e  i n a c t i v e  o r  c o n s id e r a b l y  reduced in s i z e  ( F l o r e n c e ,  
V i c t o r ,  Jens, M o iese ,  Perma Dump, F la th e a d  L a k e ) .  S evera l  c o l o n i e s ,  
p a r t i c u l a r l y  on the upper F l a t h e a d ,  were i n i t i a t e d  and abandoned in the  
i n t e r v a l  between the  2 s t u d i e s  (Bishop 1977,  L a r r y  Thompson p e r s .  comm,).  
O ther  new c o l o n i e s  ( L o l o ,  Rose Creek)  a r e  in the  process o f  be ing  
abandoned.
Montana h e r o n r i e s ,  p a r t i c u l a r l y  the  small  o n e s ,  a re  somewhat s h o r t ­
l i v e d .  C o lon ies  have been known to  l a s t  up to  50 yea rs  in Ohio (Moseley
1936 ) ,  34 y ea rs  in P e n n s y lv a n ia  ( M i l l e r  1 9 4 3 ) ,  27 yea rs  In Minnesota
(Kerns and Howe 19&7) ,  and 20 y ea rs  in I l l i n o i s  (B jo r k lu n d  19 7 5 ) .  In
Montana,  the  herons appear  to  move f r e q u e n t l y ,  in response t o  d i s t u r b a n c e
and dev e lo pm ent ,  and r a r e l y  s ta y  in one p la c e  long enough t o  b u i l d  up 
an e x t e n s i v e  h e ro n ry .
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Number o f  n e s ts  per  co lo n y  
F i g u r e  7. Comparison between 1969 and 1979 co lo n y  s i z e s .
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The decrease  in co lony  s i z e  and age and the in c r e a s e  in the  number 
o f  c o l o n i e s  may be due to  the  f r a g m e n t a t i o n  o f  r i p a r i a n  h a b i t a t ,  and the  
loss o f  e x t e n s i v e  woodlands a b le  to  s u s t a i n  la r g e  and l o n g - l i v e d  c o lo n ie s  
R e p r o d u c t iv e  success
The 3 c o l o n i e s  B i l l i n g s  s t u d ie d  s t i l l  e x i s t e d  in 1979 but  were  
g r e a t l y  reduced in  s i z e ,  and 1 was i n a c t i v e .  The F lo ren ce  c o lo n y 's  
f l e d g i n g  success d id  not  change in 10 y e a r s .  The Moiese c o lo n y ,  which  
d id  w e l l  the  l a s t  y e a r  B i l l i n g s  censused i t  and the  2 years  I censused  
i t ,  d id  p o o r l y  d u r in g  B i l l i n g s '  f i r s t  y e a r ,  when the co lony  was l a r g e .
The low f l e d g i n g  success in 19^9 may have r e s u l t e d  from B i l l i n g s '  
a c t i v i t i e s  a t  the nes ts  - -  where he c o l l e c t e d  food samples and add led  
eggs,  and banded young - -  and may have c o n t r i b u t e d  to  the  b i r d s '  
abandonment o f  the  s i t e  the  nex t  s p r i n g .  The V i c t o r  c o l o n y 's  1969"
1970  r e p r o d u c t i v e  per fo rm ance  d id  not  suggest  any reason f o r  i t s  
f u t u r e  abandonment.
The o v e r a l l  f l e d g i n g  success was 1 .2 4  young per  a c t i v e  n es t  in 
1969 and 1 .9 3  in 1970.  The 1969 f l e d g i n g  success was c o n s id e r a b l y  
below and the  1970 success was j u s t  a t  the  I . 9 I l e v e l  r e q u i r e d  to  m ain ­
t a i n  a s t a b l e  p o p u la t i o n  (Henny 1 9 7 2 ) .  Some o f  th e  1979 c o lo n ie s  had 
f l e d g i n g  successes s i m i l a r  to  those observed by B i l l i n g s .  His  low 
o v e r a l l  a v e r a g e ,  based on a sample s i z e  o f  3 c o l o n i e s ,  may not  have 
a c c u r a t e l y  r e p r e s e n te d  the s tudy  a r e a .
Heron numbers w i t h i n  the  s tudy  a re a  appeared to  in c rease  in  the  
decade between the 2 s t u d i e s ,  d e s p i t e  the low r e p r o d u c t i v e  success in 
both i n v e s t i g a t i o n s .  These c o n t r a d i c t o r y  r e s u l t s  may be e x p la in e d  in
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A ways: 1) B i l l i n g s '  3 c o lo n ie s  may not  have been r e p r e s e n t a t i v e  o f
the  e n t i r e  s tudy a r e a ;  2)  the  herons may have had b e t t e r  r e p r o d u c t iv e  
success in t h e  yea rs  not s t u d i e d .  This is u n l i k e l y ,  s in c e  r e p r o d u c t io n  
in a l l  4 years  s t u d i e d  was m e d io c re ,  and I do not  f e e l  t h a t  s tudy  
methods had a s i g n i f i c a n t  impact on the b i r d s ;  3) the  expanding p o p u la ­
t i o n  may be due t o  an i n f l u x  o f  herons from o u t s i d e  the s tudy a r e a ,  
p a r t i c u l a r l y  s in c e  the  s tudy a r e a ' s  boundar ies  were l a r g e l y  a r b i t r a r y ;
4) the in c re a s e  in the number o f  nes ts  does not  n e c e s s a r i l y  imply an 
in c r e a s e  in  the number o f  h e ro n s ,  e s p e c i a l l y  i f  the number o f  nests  
used d e c re a s e d .  Th is  l a s t  f i g u r e  was d i f f i c u l t  to  a s c e r t a i n  from  
B i l l i n g s '  smal l  sample s i z e .  The average  p e rce n ta g e  o f  nes ts  a c t i v e  
in B i l l i n g s '  3 c o l o n i e s  (55%) was s i m i l a r  to  my o v e r a l l  ave rage  (60%);  
but i f  the  unusual second y e a r ' s  d a ta  from Moiese ( th e  y e a r  o f  aban­
donment) is o m i t t e d ,  B i l l i n g s '  a c t i v i t y  in crease s  t o  76%.
Management I m p l i c a t i o n s  
In 1969 th e r e  were no a c t i v e  h e r o n r i e s  on w i l d l i f e  re fuges  in  the  
study a r e a ;  in 1979 t h e r e  were 3- A l l  3 o f  these  c o lo n ie s  were on o r  
n e a r  p r o d u c t i v e  m arsh lands .  Herons a r e  more t e n a c io u s  in  p r o d u c t iv e  
s i t e s  than e l s e w h e r e ,  d e s p i t e  heavy d i s t u r b a n c e .  Most re fuges a re  c losed  
t o  o f f - r o a d  r e c r e a t i o n i s t s  d u r in g  the  e a r l y  months o f  the b reed in g  
season,  and t h i s  may be c r i t i c a l  in m a i n t a i n i n g  a heron p o p u la t i o n .  As 
th e  c l e a r i n g  and development o f  M ontana 's  r i p a r i a n  land c o n t i n u e s ,  so w i l l  
th e  importance o f  w i l d l i f e  re fuges  as a source o f  s u i t a b l e  and p r o d u c t iv e  
heron h a b i t a t .
When i d e n t i f y i n g  s i t e s  t h a t  should  be managed f o r  h e ro n s ,  l a r g e
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stands (4  ha o r  more) o f  o l d - a g e  co t tonw oods,  80 m o r  more removed from 
a r i v e r ,  a t  l e a s t  0 . 7 5  km from a ro a d ,  and c lo s e  to  m arsh land ,  should  
r e c e i v e  h ig h e s t  p r i o r i t y .  Trees o f  a l l  s i z e s  nea r  marshes should  be 
l e f t  s t a n d in g .
The most c r i t i c a l  o b j e c t i v e  o f  any management p lan  should  be to  
i n s u l a t e  the  co lony  in e a r l y  s p r i n g .  An e s t a b l i s h e d  heron ry  should  be 
surrounded by a permanent 25 m b u f f e r  zone c losed  to  humans a l l  y e a r ,  
in tu rn  encompassed by a 0 . 2 5  km zone o f f - l i m i t s  from March through  
m id -M ay .
The heron p o p u la t i o n  and the  n e s t i n g  h a b i t a t  should  be m o n i to re d ,  
w i t h  a census e v e r y  5 -  10 y e a r s ,  to  check and r e g u l a t e  t rends in  
d e c re a s in g  numbers o r  d e t e r i o r a t i n g  h a b i t a t .  A few c o lo n ie s  cou ld  serve  
as an index o f  the w e l l - b e i n g  o f  the e n t i r e  p o p u la t i o n  by be ing  censused  
a t  s h o r t e r  t ime i n t e r v a l s ,  perhaps e v e ry  2 - 3  y e a r s .  T h is  s tudy  and 
B i l l i n g s '  s tudy can s e rv e  as b a s e l i n e s  w i t h  which to  compare r e s u l t s  
in f u t u r e  y e a r s .
In a reas  where heron numbers have decreased  due t o  loss o f  h a b i t a t ,  
a r e c o v e ry  o f  the  p o p u la t i o n  may be f a c i l i t a t e d  by th e  c o n s t r u c t i o n  o f  
l a r g e  n e s t i n g  p l a t f o r m s ,  p a r t i c u l a r l y  a l a r g e  group o f  p l a t f o r m s  a t  
d i f f e r e n t  h e i g h t s ,  i f  s u i t a b l e  n e s t  t r e e s  a re  l a c k i n g .  S tock ing  ponds 
w i t h  f i s h  and b u i l d i n g  small  impoundments would c r e a t e  a d d i t i o n a l  
f e e d in g  h a b i t a t .
By drawing herons i n t o  an a r e a ,  one a l s o  a t t r a c t s  o t h e r  spec ies  - -  
Canada Geese, c o r m o r a n ts ,  o w ls ,  hawks. Ospreys - -  t h a t  use heron n e s ts .
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Because heron c o lo n ie s  move f r e q u e n t l y  and o f t e n  u n p r e d l c t a b l y , 
management p lans  must encompass e n t i r e  r i v e r  sys tem s,  and not  j u s t  i s o ­
l a t e d  segments. R i p a r i a n  h a b i t a t  is im p o s s ib le  to  i s o l a t e ;  the  h e a l t h  
o f  a r i v e r  and i t s  a d j o i n i n g  lands a r e  c o n t in g e n t  on the s t a b i l i t y  o f  
the e n t i r e  w a te rs h e d .
Cone)us ion
G re a t  Blue Herons in  n o r th w e s te r n  Montana appear to  be h o ld in g  
t h e i r  own r e p r o d u c t i v e i y . F le d g in g  success is  p ro b a b ly  de te rm ined  
m a in ly  by food a v a i l a b i l i t y .  The number o f  ne s ts  in a co lony depends 
to  a l a r g e  e x t e n t  on the s e c lu s io n  o f  the  s i t e  ( d i s t a n c e  from roads)
and on the  a v a i l a b i l i t y  o f  l a r g e  t r e e s .  The most common causes o f
r
h e ro n ry  movement a r e  loss o f  i s o l a t i o n  and s u i t a b l e  ne s t  t r e e s .
Herons show a s t r o n g  p r e f e r e n c e  f o r  i s o l a t e d ,  o l d - a g e  stands o f  
cot tonw oods,  y e t  they  a r e  e x t r e m e l y  a d a p t a b le  in t h e i r  s e l e c t i o n  o f  
nes t  s i t e s .  Herons in smal l  c o lo n ie s  do no worse r e p r o d u c t i v e l y  than  
herons in l a r g e  c o l o n i e s ,  and smal l  c o lo n ie s  have become i n c r e a s i n g l y  
common o v e r  the l a s t  10 y e a r s .  We may be w i t n e s s i n g  a p e r io d  o f  
b e h a v i o r a l  m o d i f i c a t i o n  by an a d a p t a b le  s p e c ie s ,  in  the  wake o f  land  
development  by man. D i f f e r e n c e s  in  da ta  from one decade a re  ob ­
v i o u s l y  n o t  s u f f i c i e n t  f o r  draw ing  c o n c lu s io n s  about  b e h a v io r a l  changes 
More s t u d i e s  should  be co n ducted ,  p r e f e r a b l y  in  the same s tudy a rea  
and a t  r e g u l a r  i n t e r v a l s .
Cont inued land c l e a r i n g  can a g g ra v a te  i n t r a -  and i n t e r s p e c i f i c  
c o n f l i c t s ,  p a r t i c u l a r l y  in the c o m p e t i t i o n  f o r  nes t  s i t e s  ( B jo r k lu n d
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e t  a l .  1967 ) .  A h e r o n 's  s t r a t e g y  towards p r e d a t i o n  Is p r i m a r i l y  one o f  
a v o id a n c e ;  i t  nes ts  h igh  o f f  the  ground and on i s l a n d s ,  and has no 
deve loped  a n t i - p r e d a t o r y  b e h a v i o r .  The l i k e l i h o o d  o f  nes t  p r e d a t io n  i n ­
c reases  when a d e a r t h  o f  l a r g e  t r e e s  fo rc e s  some herons to  nes t  low in 
t re e s  o r  on the ground.  Wet land d r a in a g e  and c h a n n e l i z a t i o n  o f  r i v e r  
w a t e r  a r e  a l s o  d e t r i m e n t a l  in reduc ing  the  p r o d u c t i v i t y  o f  areas  
s u p p o r t in g  herons.
The a d a p t a b i l i t y  o f  most s p e c ie s ,  when c o n f r o n te d  w i t h  the changes 
wrought by man, is s low a t  b e s t .  C a r e fu l  management o f  l a r g e  t r a c t s  o f  
r i p a r i a n  and w e t la n d  h a b i t a t  is  e s s e n t i a l  as human development expands,  
to  ensure  th e  p e r p e t u a t i o n  o f  such spe c ie s  as th e  Great  Blue Heron.
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CHAPTER VI I 
SUMMARY
G re a t  Blue Herons in n o r th w e s te r n  Montana nes ted  p r i m a r i l y  in 
stands  o f  o l d - a g e  cottonwoods in  r i p a r i a n  b o t to m la n d s ,  but  they  were  
a l s o  found in  d r i e r ,  c o n i f e r o u s  s i t e s  on the  F la t h e a d  and Swan r i v e r s .  
Nest  t r e e s  had a mean dbh o f  71 cm and a mean h e i g h t  o f  27 m. The 
average  co lo n y  s i z e  was 0 . 5 3  ha ,  o r  26 n e s t s .  S i x t y  p e rc e n t  o f  the  
nes ts  in the  s tudy  a r e a  were a c t i v e  o r  used by b re e d in g  a d u l t s ,  and 
83% o f  th e  b r e e d in g  p a i r s  were s u c c e s s fu l  in f l e d g i n g  young. The
mean f l e d g i n g  success was 1 .8 8  young per  a c t i v e  n e s t ,  o r  2 . 2 5  young
per  suc c e s s fu l  n e s t .  Many o t h e r  b i r d  spe c ie s  in the  c o lo n ie s  were  
t o l e r a t e d  by the  h e r o n s ,  a l th o u g h  s e v e r a l  i n t e r s p e c i f i c  c o n f l i c t s  were  
o b s e r v e d .
C o lo n ie s  were on the  ave rag e  70 m from the  w a t e r ,  0 . 6 2  km from  
th e  n e a r e s t  road ,  and O . 7 I km from hou s ing .  The number o f  nes ts  in 
a co lo n y  c o r r e l a t e d  w e l l  w i t h  the  d i s t a n c e  from roads ,  d e c re a s in g  w i t h  
p r o x i m i t y  t o  roads .  The a c t i v e  c o lo n ie s  were s i g n i f i c a n t l y  f a r t h e r  
removed from the r i v e r  than were th e  i n a c t i v e  c o l o n i e s .  Housing did  
not a f f e c t  co lony  s i z e  o r  a c t i v i t y .
The number o f  herons in the  s tudy  a r e a  grew 10-15% between I 969 
and 1 9 7 9 . The mean co lo n y  s i z e  decreased  in th e  same p e r i o d ,  p r i m a r i l y
because o f  a l a r g e  in c r e a s e  in the number o f  smal l  c o l o n i e s .  The l i f e ­
span o f  c o l o n i e s  in n o r th w e s te r n  Montana was 5 -  15 y e a r s ,  w i t h  the  
s m a l l e r  c o l o n i e s  be in g  s h o r t e r - l i v e d .
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D i s t r i b u t i o n  o f  c o l o n i e s  s t u d i e d  in 1978 and 1979 on the B i t t e r ­
r o o t ,  C l a r k  F o rk ,  F l a t h e a d ,  and Swan r i v e r s .  Loca t ions  a re  taken from  
U.S.  G e o lo g ic a l  Survey maps. O ther  b i r d  spec ies  n e s t i n g  in the  
c o l o n i e s ;  (CG) Canada Goose; (GHO) G reat  Horned Owl; (RTH) Red­
t a i l e d  Hawk; (O) Osprey;  (DC) D o u b le -c r e s te d  Cormorant.
BITTERROOT RIVER
NEi.  A c t i v e  
Sec 36 SWi.
1. L o lo .  T l l N  R20W Sec 24 S E i .  A c t i v e  
Owner: S t a t e .
2 .  F l o r e n c e .  TION R20W Sec 24 
Owner: ?
3. Lee M e t c a l f  NWR. TION R20W &  A c t i v e  
Owner: U .S .  F&W S e r v ic e
O th e r  S p ec ies :  0
4. S t e v e n s v i 11e . T9N R20W Sec 34 SW&. A c t i v e  
Owner: B r ia n  and L is a  Burgess.
O th e r  S p e c ie s :  CG, RTH, 0
5. V i c t o r .  T8N R20W Sec 8 SEç. I n a c t i v e  
Owner; H a r ry  and A l i c e  Day.
O th e r  S p ec ies :  RTH
CLARK FORK
6.  K e l l y  I s l a n d .  T13N R20W Sec 23 NE&. A c t iv e ,
Owner: MT Dept ,  o f  F i s h ,  W i l d l i f e  and Parks,
O th e r  S p e d  es : CG
7.  Drummond. TION R12W Sec 6 NE&. A c t i v e
Owner: W i l l i a m  W a l la c e .
8.  Jens.  TION Rl lW Sec 19 ,  24 S i .  I n a c t i v e .
Owner: W i l l i a m  W a l la c e .
O th e r  S p ec ies :  GHO
LOWER FLATHEAD RIVER
9* B u f f a l o  Rapids.  T21N R21W Sec 8 SWi. I n a c t i v e ,  
Owner: F la th e a d  In d ia n  R e s e r v a t i o n .
O th e r  S p e c ie s :  0
10. Moiese .  T19N R21W Sec 31 NW&. A c t i v e .
Owner: F la th e a d  In d ia n  R e s e r v a t i o n .
O th e r  S p ec ies :  0
11. D ixon .  T18N R21W Sec 8 
Owner: F la th e a d  In d ia n
O th e r  S p ec ies :  CG
12.  Perma Dump. T18N R22W Sec 17 NW&. A c t i v e .  
Owner: F la th e a d  In d ia n  R e s e r v a t i o n .
S E i .  I n a c t i v e .  
R e s e r v a t i o n .
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13. Perma 1. T19N R23W Sec 3 SE&. A c t i v e .
Owner: F la th e a d  In d ia n  R e s e r v a t i o n .
O th e r  S p e c ie s :  0
14. Perma 2. T18N R24W Sec 3 SE&. I n a c t i v e .
Owner: F la t h e a d  In d ia n  R e s e r v a t i o n .
15. N in e p ip e  NWR. T19N R20W Sec 3 N i ,  T20N R20W Sec 34 SE&. A c t iv e ,  
Owner: U .S .  F&W S e r v i c e .
O th e r  S p e c ie s :  CG, GHO, DC
UPPER FLATHEAD RIVER
16. E v e rg re e n .  T29N R21W Sec 35 SE&. A c t i v e .
Owner: O r land o  and Dorothy A l s t a d .
17. Owen Souerwine .  T28N R21W Sec 16 SE&. A c t i v e .
Owner: S t a t e .
O th e r  S p ec ies :  CG, 0
18. Rose Creek.  T27N R20W Sec 10 NE&. A c t i v e .
Owner: Doug S i l v e r b e r g
O th e r  S p ec ies ;  CG, 0
SWAN RIVER
19 . F e r n d a le  N o r th .  T27N Rl8W Sec 22 SW&. A c t i v e .
Owner: Lee Rost .
O th e r  S p e c ie s :  CG, 0
20.  F e r n d a le  South .  T27N Rl8W Sec 22 SW&. A c t i v e
Owner: L .B .  S l a t e r .
21 .  Swan R iv e r  NWR. T25N Rl8W Sec 23 NW&. A c t i v e .
Owner: U .S .  F&W S e r v i c e .
22.  Soup Creek.  T24N Rl8W Sec 24 N i .  A c t i v e .
Owner: Swan R i v e r  S t a t e  F o r e s t .
O ther  h e r o n r i e s  in  n o r th w e s te r n  Montana,  not  in 1979 s tudy :  
BITTERROOT RIVER
2 3 . H a m i l to n .  T5N R21W Sec 1. A c t i v e .
Owner: Clem and Edyth Larson .
Not in  s tudy a r e a .
FLATHEAD LAKE
24 .  B i r d  I s l a n d .  T24N R19W Sec 31-  A c t i v e .
Owner: U n i v e r s i t y  o f  Montana.
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SWAN RIVER
2 5 . Condon. T21N R17W Sec 3- A c t i v e .  
Owner: B u r l i n g t o n  N o r th e rn  R a i l r o a d .  
Not in s tudy  a r e a .
BLACKFOOT RIVER
2 6 . Ovando. T l4N RI2W Sec I o r  21 A c t i v e ?  
Owner: ?
Not in s tudy  a r e a .
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D i s t r i b u t i o n  o f  c o lo n ie s  found by Dennis B i l l i n g s  in I 969  and 
1970 on the  B i t t e r r o o t ,  C la r k  F o r k ,  F l a t h e a d ,  and Swan r i v e r s .
N e a r e s t  Town Locat  i on Nest  t r e e  spec ies  § Nests A c t iv e
BITTERROOT RIVER
1 . C o r v a I l l s T7N R20W 
NWi Sec 17
Black Cottonwood 16 yes
2 . V i c t o r T8N R20W 
NWi Sec 33
n  11 6 no
3 . V i c t o r T8N R20W 
NEi Sec 29
M I I 5 no
4. V i c t o r T8N R20W 
SEi Sec 8
I I  I I 36 yes
5 . Lee M e t c a l f  
NWR
TION R20W 
NEi  Sec 35
I I  I I 18 no
6. F lo re n c e TION R20W 
NEi Sec 24
M M 45 yes
7 . Lo lo T U N  R20W 
NEi Sec 13
I I  I I ? no
8. Lolo T1IN R20W " " 
NEi Sec 12
CLARK FORK
? no
9 . K e l l y  
1 s 1 and
T13N R20W 
NEi Sec 23
Black Cottonwood 75 yes
10. Jens TION Rl lW
Sec 24
I I  I I 7 yes
11 . Deer lodge 5 km so.  o f  "  "  
D eer lodge
FLATHEAD VALLEY
4 no
12. Moi ese T19N R21W 
NWi Sec 31
Ponderosa P ine 122 yes
13 . Perma Dump T18N R22W 
NWi Sec 17
I I  I I 20 yes
14. N in e p ip e  
NWR
T I 9 - 2ON R20W 
Sec 3 ,  34
B lack  Cottonwood 65 yes
15 . B i r d  I s la n d  
F l a t h e a d  Lake
T24N RÎ9W 
Sec 34
Ponderosa P ine p r e - 19 6 9 : 10 
p o s t " 19 6 9 •100+
yes
16. K a l i  s p e l l 3 km SE o f  
K a l i  s p e l 1
B lack  Cottonwood p r e - 1969:96
p o s t - 1969 : 0
yes
1 7 . Evergreen T29N R2IW 
SEi Sec 35
I I  I I ? yes
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N e a r e s t  Town_________Locat  i on_________Nest  T ree  Species Nests______ A c t i  ve
SWAN VALLEY
18. Road to  C o n i f e r s  ? ?
F a l I s  Creek
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D i s t r i b u t i o n  o f  c o l o n i e s  found by Dennis B i l l i n g s  in I 969 and 
1970 in Montana,  o u t s i d e  the  s tudy a r e a .
Rock Creek
1. Upper Rock Creek .  
B l a c k f o o t  R i v e r
Abandoned in I 9 6 8 .
2 .
Big
T14N 
Ho 1 e
R12W Sec 
R iv e r
I o r  2 A c t i v e .
T3S R6W Sec 21 .  A c t i v e .  88 n e s t s ,  in Cottonwoods,  
A c t i v e .  66  nes ts  in 1969-
A c t i v e .  59 nests  in 1969-T9S R10W Sec 
In a c t  i v e .
15 .
3 . Twin B r id g e s ,  
in  1969.
4 .  T5S R8W Sec 4,
Beaverhead R i v e r
5 . C la r k  Canyon Dam.
6. Diamond ‘ O' Ranch.
7 . ? I n a c t i v e .
J e f f e r s o n  R i v e r
8. La Hood P a rk .  T IN  
Madison R iv e r
9 . Enn is .  T7S RIW Sec 5- A c t i v e .
10. N o r r i s .  S e v e ra l  km no. o f  where Rt .  289  crosses
11. Three Forks .  5 km above Three Forks .  I n a c t i v e .
G a l l a t i n  R iv e r
R4E Sec 2 7 . E s id e  o f  r i v e r .  A c t i v e .  Approx.  10
R3W Sec 2 .  A c t i v e .  V i s i b l e  from highway,
r i v e r .  I n a c t i v e .
1 2 . Bozeman. T IS  
pai rs in 1969-
13 . M anhat tan .  TIN R3E Sec 1.
14. T r i d e n t .  T2N R2E Sec 16. 
s h e l t e r .  A c t i  ve .
M issour i  R iv e r
Townsend. T6N RIE Sec 1.  
Townsend. T7N R2E Sec 18.
I n a c t i v e .
E o f  Headwaters S t a t e  Park lookout
15.
1 6 . V i s i b l e
17 .
18.
19 .
21
22 .  Mouth o f  Ten M i l e  Creek.  A c t i v e .  
Cascade.  Not a d e f i n i t e  c i t i n g .  A c t i v i t y
A c t i v e .  Shared w i t h  corm orants .
I n a c t i v e .  Shared w i t h  cormorants
from highway.
Lake H e len a .  T1IN R3W Sec 
Cascade. Between Ulm and 
unknown.
Mouth o f  J u d i t h  R i v e r .  A c t i v e .
C h ar les  M. R u sse l l  N a t i o n a l  W i l d l i f e  Refuge:
20.  H a r r i e t  I s l a n d .  T23N R I 6 E Sec 26 .  A c t i v e .  48 nests  in I 9 6 8 .
U .L .  Bend. T20W R30E Sec I I .  A c t i v e .  106 nests  on E s id e  des troyed
by ice  a c t i o n  in 1968;  co lony  r e b u i l t  on W s i d e ,  u n s ta b le  land.
Shared w i t h  c o rm o ran ts .
Snow Creek Bay. A c t i v e .  Shared w i t h  corm orants .
H e l l  Creek Bay. T21N R3 8 E Sec 5- A c t i v e .  Shared w i t h  corm orants .
Big Dry Arm. A c t i v e .  Shared w i t h  corm orants .
Rock R iv e r
2 2 .
2 3 .
24 .  
Red
Red Rock Lake N a t i o n a l  W i l d l i f e  Refuge:
2 5 . T l4S  RIW Sec 9- A c t i v e .  Approx.  225 a d u l t s  in 1969-
26 .  T13S R9W Sec 10. A c t i v e .
27 -  T13S R9W Sec 14. A c t i v e .
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Sun R i v e r
28 .  Vaughn. T21N RIW Sec 35-  A c t i v e .
Y e l lo w s to n e  R iv e r
2 9 . P in e  C reek .  T3S R9E Sec 26 .  A c t i v e .  V i s i b l e  from Hwy. 8 9 .
3 0 . L i v i n g s t o n .  T IS  R12E Sec 31 - N s id e  o f  r i v e r .  A c t i v e .
3 1 . Columbus. T2S R19E Sec I 4 .  A c t i v e .  16 b i r d s  in I 9 6 9 .
3 2 . B lue  Creek (may be Duck C r e e k ) .  Mouth o f  c r e e k .  A c t i v i t y  unknown 
Big S p r in g  Creek
3 3 . Lewis town. I I 5 N  R18E Sec 5- Joy land Road. A c t i v e .
Tongue R iv e r
3 4 . Tongue R iv e r  R e s e r v o i r .  N end ,  land owned by Jess Thomas. A c t iv e .  
Lake Bowdoin
Bowdoin N a t i o n a l  W i l d l i f e  Refuge:
35 '  A c t i v e .  32 a d u l t s  in 1968. Nests a re  on the  ground,  on i s la n d s .
M e d ic in e  Lake 
M e d ic in e  Lake N a t i o n a l  W i l d l i f e  Refuge:
3 6 . T31N R56E Sec 3 1 . A c t i v e .
3 7 . T31N R56E Sec 12. A c t i v e .
3 8 . T31N R56E Sec 12. A c t i v e
North  Chinook R e s e r v o i r
3 9 . T35N R I 8E Sec 23 & 24 .  A c t i v e .  Nests on i s l a n d ,  in w i l l o w s .
M i l k  R iv e r
40.  H avre .  T33N R14E Sec 25 .  S s id e  o f  r i v e r .  A c t i v e .  Approx.  40
n e s t s ,  2 0 -3 0  b i r d s ,  in 1969-
41.  Chinook. T33N R19E Sec 36.  N s id e  o f  r i v e r .  A c t i v e .
Nelson R e s e r v o i r
42 .  I s la n d  in r e s e r v o i r .  A c t i v e .
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Summary o f  h a b i t a t  ana ly s e s  by c o lo n y ,  based on 5 O.OA-ha 
c i  r c u l a r  p l o t s .
T ree  spe c ie s (BC
(BH
(DF
(GF
(LP
(PB
(PP
( s
(WJ
(WR
B lack  Cottonwood ( Popu1 us t r i c h o c a r p a )  
Black  Hawthorne ( Crataegus douglast  i )~ 
Douglas F i r  ( Pseudotsuga menzies I i )
Grand F i r  ( Abies g r a n d is )
Lodgepole P ine  ( Pinus c o n to r t a )
Paper B i r c h  ( B e tu la  p a p y r i f e r a )
Ponderosa P ine  ( pT ^ us ponderosa)
Spruce ( Pi cea sppT)
Western J u n ip e r  ( Jun i perus o c c id e n t a l  l i s )  
Western Redcedar ( i h u j a  i c a t a )
The 4 f i g u r e s  in b r a c k e t s  a f t e r  each t r e e  spec ies  a r e :  
number o f  t r e e s  per  ha ,  r e l a t i v e  d e n s i t y  (% ) ,  r e l a t i v e  dominance (%) ,  
and f re q u en c y  (%).
S i z e  c la s s e s : A ( 7 - 17 cm)
B (18 - 25 cm)
C (26 - 40 cm)
D (41 - 55 cm)
E (56 - 71 cm)
F (72 - 86 cm)
G (87 - 104 cm)
H ( > 104 cm)
The 4 f i g u r e s  in  b r a c k e t s  a f t e r  each d ia m e t e r  s i z e  c la s s  a re  
number o f  t r e e s  p e r c h a ,  r e l a t i v e  d e n s i t y  (% ) ,  r e l a t i v e  dominance  
and basal  a rea  in m per  ha.
1. L o lo  _
153 t r e e s / h a ;  t o t a l  basal  a r e a  32 m r /ha ;  27326 shrub stems/ha  
74%; average  canopy h e i g h t  20 m ( range  9 - 3 3  m ) .
100, 100 , 100)
canopy cover  
BC ( 1 5 3 ,
Trees  by d i a m e t e r  s i z e  c la s s :  
A ( 1 5 ,  1 ,  0 . 4 ,  0 . 1 )
B ( 2 5 ,  16 ,  2 ,  0 . 7 )
C ( 2 0 ,  13 .  5 ,  1 .5 )
D ( 3 0 ,  19, 16 ,  5 . 0 )
( 4 4 ,  
( 1 5 .  
( 5 ,
2 9 ,  4 1 ,  
10, 2 1 , 
3 .  15,
12. 8)
6 . 8)
4 . 6 )
2 ,  F lo re n c e
133 t r e e s / h a ;  
canopy cover  65%; 
BC ( 1 0 8 ,  81 ,  
PP ( 25 ,  19,
t o t a l  basa l  a re a  30 m^/ha; 28158 shrub s tem s/ha ;  
average  canopy h e i g h t  21 m ( range  6 -3 5  m ) .
9 5 ,  100)
5 , 80)
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Trees by d i a m e t e r  s i z e  c la s s :
B ( 1 0 ,  7 ,  1,  0 . 3 )  E
C ( 3 0 ,  2 2 ,  7 ,  2 . 2 )  F
0 ( 2 5 ,  19 ,  13 ,  4 . 1 )  G
(49, 37, 46, 14.2) 
(15, I l , 22, 6.8)
( 5. 4, n ,  3.3)
3. Lee M e t c a l f  N a t i o n a l  W i l d l i f e  Refuge  
30 t r e e s / h a ;  t o t a l  basai  a re a  7 m^/ha;
canopy cover  3%, ave rage  canopy h e i g h t  18
BC (15, 50, 54, 60)
PP (15, 50, 46, 60)
Trees  by d ia m e t e r  s i z e  c l a s s :
C ( 2 0 ,  6 7 ,  2 5 ,  1 .5 )
F ( 1 0 ,  33 ,  75 ,  4 . 5 )
1482 shrub s tem s/ha;  
m (range 12-27 m ) .
4 .  S t e v e n s v i 1 le  
168 t r e e s / h a ;  
canopy co v er  51%;
BC ( 1 0 9 ,  6 5 ,
PP ( 59 .  3 5 ,
Trees  by d ia m e t e r  s i z e  c la s s  
A ( 2 0 ,  12, 1 , 0 . 2 )
B ( 3 0 ,  18, 4 ,  0 . 8 )
C ( 4 0 ,  23 ,  13 ,  2 . 9 )
t o t a l  basal  
average  canopy 
9 2 , 100)
8 , 60)
a re a  23 m r /h a ;
h e i g h t  16 m
D
E
F
( 4 0 ,  
(35, 
( 5,
23, 
21 ,
3,
15284 shrub s tem s/ha ;  
( range 4-31 m ) .
29 ,
4 4 ,
1 0 ,
6 . 6 )
10. 0 )
2.3)
5. V i c t o r
143 t r e e s / h a ;  t o t a l  basal  a re a  37 m r /h a ;  
canopy cover  64%; ave rage  canopy h e i g h t  26 m 
BC ( 1 4 3 ,  100 ,  100, 100)
Trees  by d ia m e t e r  s i z e  c la s s :
A ( 5 ,  3 , 0 . 1 ,  0 . 0 4 )  E ( 3 0 ,
B ( 5 ,  3 ,  0 . 4 ,  0 . 1 )  F ( 3 0 ,
C ( 2 0 ,  14,  4 ,  1 . 5 )  G ( 1 0 ,
D ( 4 4 ,  31 ,  2 0 ,  7 . 4 )
31 , 
21 , 
7 ,
21860 shrub s tem s/ha ;  
( range 6 - 3 0  m ) .
23 ,
36 ,
17 ,
8 . 5)
13.5)
6.5)
6.  K e l l y  I si  and 
168 t r e s s / h a ;  
canopy cover  56%; 
BC ( 1 2 3 ,  74 ,  
PB ( 44 ,  2 6 ,
t o t a l  basal  a r e a  40 m / h a ;  
average  canopy h e i g h t  22 m 
9 7 , 100)
3, 60)
Trees  by d ia m e t e r  s i z e  c la s s
14079 shrub s tem s/ha;  
( range 6 - 3 6  m ) .
A ( 2 5 , 1 5 , 1 , 0 . 2 ) D ( 2 0 ,  12, 9 , 3 . 3 )
B ( 1 5 , 9 , 1 , 0 . 4 ) E ( 6 9 ,  41 , 5 2 , 2 0 .0 )
C ( 1 0 , 6 , 2 , 0 . 7 ) F ( 3 0 , 1 8 , 35 , 13 .5 )
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1 .  Drummond
232  t r e e s / h a ;  
canopy cover  73%; 
BC ( 1 6 8 ,  7 2 , 
PB ( 5 9 ,  2 6 ,  
BH ( 5 ,  2 ,
t o t a l  basal a rea  45 m r /h a ;
average  canopy 
9 9 .  100)
1 , 40)
0 , 20)
h e i g h t  12 m
16302 shrub s tem s/ha ;  
( range 4 - 2 7  m ) .
Tirees by di amete;r s i z e c la s s :
A ( 6 9 , 3 0 , 1, 0 . 6 ) E ( 3 0 , 13, 1 9 . 8 . 5 )
B ( 2 5 , 11 , 2 , 0 . 7 ) F ( 3 5 . 14, 3 5 , 15 . 8 )
C ( 3 0 , 1 3 . 5 , 2 . 2 ) G ( 1 0 , 4 , 14, 6 . 5 )
D ( 3 0 , 1 3 , 11 . 5 . 0 ) H ( 5 , 2 , 1 3 , 6 . 0 )
8 .  Jens
183 t r e e s / h a ;  
canopy cover  39%;
BC ( 1 8 3 ,  100.  100,  100)
Trees  by d ia m e t e r  s i z e  c la s s :
C ( 4 4 ,  2 4 ,  9 ,  3 . 3 ) F
D ( 8 4 ,  4 6 ,  3 8 , 1 4 .1 )  G
E ( 3 5 ,  1 9 , 2 7 , 1 0 .0 )
t o t a l  basal a re a  41 m^/ha; 16302 shrub s tem s/ha ;  
average  canopy h e ig h t  20 m (range 11-32 m ) .
( 15 , 8 ,
( 5 ,  3 ,
18 ,  6 . 8 )  
9 .  3 . 3 )
9 . B u f f a l o  Rapids
232  t r e e s / h a ;  t o t a l  basal  a re a  32 m ^ /h a ;
canopy cover  35%; ave rage  canopy h e i g h t  14 m
PP ( 9 4 , 40 ,  9 0 , 100)
WJ ( 1 3 8 , 6 0 , 10 ,  8 0 )
T rees  by d ia m e t e r  s i z e  c l a s s :
A ( 1 0 9 , 4 7 , 3 ,  1 . 0 )  E ( 2 0 ,  9 .
B ( 3 0 , 1 3 , 2 ,  0 . 8 )  F ( 5 ,  2 ,
C ( 20 ,  9 ,  4 ,  1 . 5 ) H ( 1 5 ,  6 ,
D ( 35 ,  15, 16,  5 . 8 )
2223  shrub s tem s/ha ;  
( range 5 “ 39 m ) .
16.  
6 ,  
51 ,
5 . 7 )
2 . 3 )
18.0 )
10. Molese
203 t r e e s / h a ;  
canopy cover
PP ( 7 4 ,
WJ ( 9 9 ,
BC ( 3 0 ,
T rees  by
A ( 4 9 ,
( 4 9 ,
( 2 5 ,
t o t a l  basa l  a re a  26 m r /h a ;
46%; average  canopy h e i g h t  15 
3 7 , 7 7 , 100)
49, 10, 80)
1 5 , 1 0 , 8 0 )
d ia m e t e r  s i z e  c l a s s :
2 4 .  2 . 0 . 5 )
m
B
C
24
12
5 ,
7,
1 .4 )
1 . 8 )
D
E
F
( 2 5 ,
( 4 4 ,
( 1 0 ,
12
22
5
2964 shrub s tem s/ha ;  
( range 6 - 3O m ) .
16,
5 1 ,
1 8 ,
4 . 1 )
12 . 9 )
4 . 6 )
11 Dixon
49 t r e e s / h a ;  t o t a l  basal  a r e a  18 m ^/ha;  13338 shrub s tem s /h a ;  
canopy cover  15%; average canopy h e i g h t  22 m ( ra nge  6 - 3 2  m ) .
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PP ( 4 0 ,  8 0 ,  9 9 ,  80)
WJ ( 1 0 ,  2 0 ,  1,  40)
Trees  by d i a m e t e r  s i z e  c l a s s :
A ( 1 0 ,  2 0 ,  1, 0 . 9 )  F
B ( 5 ,  10,  1, 1 .4 )  G
D ( 5 ,  10,  5 ,  0 . 8 )
( 1 5 ,  3 0 ,  3 8 ,  6 . 8 )  
( 1 5 .  3 0 ,  5 6 ,  9 . 8 )
t o t a l  basal  a re a  18 m r /h a ;
12. Perma Dump 
79 t r e e s / h a ;  
canopy cover  16%; ave rag e  canopy h e i g h t  15 m
PP ( 3 5 .  4 4 ,  9 3 .  100)
WJ ( 4 4 ,  5 6 ,  7 ,  80)
Trees  by d i a m e t e r  s i z e  c l a s s :
A ( 2 5 ,  3 1 .  1.  0 . 2 )
B ( 5 .  6 ,  1,  0 . 1 )
C ( 1 5 ,  19. 6 ,  1 .1 )
D ( 5 ,  6 ,  4 ,  0 . 8 )
17414 shrub s tem s/ha ;  
( range 6 -3 0  m ) .
E
G
H
( 1 5 ,  
( 1 0 , 
( 5 .
19.
13,
6 ,
2 2 , 
3 4 ,  
31 .
4 . 3 )
6 . 5 )
6 .0 )
13. Perma 1
207 t r e e s / h a ;  
canopy cover  53%; 
PP (1 3 3 .  64 ,  
WJ ( 74 ,  36 ,  
Trees by 
A ( 1 0 ,
t o t a l  basal  a re a  24 
average  canopy h e i g h t  
8 2 , 100)
18, 80) 
d i a m e t e r  s i z e  c l a s s :
5 , 0 , 0 . 1)
m^/ha ;
17 m
B ( 3 5 ,  17,  4 ,  1 .0 )  
C ( 7 9 .  3 8 ,  2 2 ,  5 . 9 )
D
E
F
( 4 0 ,  
( 4 0 ,  
( 5 .
19,
19.
2 ,
11486 shrub  
( range  6-31
stems/ha ; 
m) .
2 4 ,
4 2 ,
8 .
6 . 6) 
11 .4)  
2 . 3 )
14. Perma 2
178 t r e e s / h a ;  t o t a l basa l  a re a  16 m^/ha;
canopy cover  48%; ave rage  canopy h e i g h t  12 m 
BC ( 1 4 8 ,  8 3 , 4 4 ,  100)
WJ ( 15 , 8 ,  1 , 40)
PP ( 15 , 8 .  5 5 ,  40)
Trees  by d i a m e t e r  s i z e  c la s s
A ( 8 4 ,  4 7 , 5 .  0 . 8 )
8 ( 2 5 . 14 ,  4 ,  0 . 7 )
C ( 4 9 ,  2 8 , 2 3 , 3 . 7 )
14450 shrub s tem s/ha ;  
( range 6 - 3O m ) .
D ( 1 0 ,  6 ,  10 ,  1 . 7 )
G ( 5 .  3 ,  2 0 ,  3 . 3 )
H ( 5 .  3 .  37 .  6 . 0 )
15 . N in e p ip e  N a t i o n a l  W i l d l i f e  Refuge
133 t r e e s / h a ;  t o t a l  basal  a r e a  16 m^/ha;  12968 shrub s tem s/ha;  
canopy cover  17%; ave rage  canopy h e i g h t  14 m ( range  9"18  m ) .
BC ( 1 3 3 . 100, 100 ,  100)
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3 0 , 2 , 0 . 4 ) D ( 2 5 , 1 9 , 2 8 , 4 . 1 )
11, 3 , 0 . 4 ) E ( 1 0 , 7 , 1 9 , 2 . 8 )
2 6 , 1 7 , 2 . 6 ) F ( 1 0 , 7 , 30 , 4 . 5 )
T rees  by d i a m e t e r  s i z e  c l a s s :  
A (4(
B { I f  
C (3f
16. Evergreen
128 t r e e s / h a ;  t o t a l  basal a re a  18 m ^ /h a ; 29640 shrub stems/ha  
canopy cover  59%; ave rage  canopy h e i g h t  22 m ( range  6 - 3 5  m ) .
BC ( 1 2 8 ,  100 ,  100 ,  100)
Trees  by d i a m e t e r  s i z e  c l a s s :
A ( 5 ,  4 ,  0 ,  0 , 1 )  D ( 5 4 ,  4 2 ,  4 9 ,  9 . 1 )
C ( 4 9 .  3 8 ,  2 0 ,  3 . 7 )  E ( 2 0 ,  15.  3 1 ,  5 . 7 )
17. Owen Souerwine
124 t r e e s / h a ;  t o t a l  basal  a re a  34 m ^ /h a ; 12227 shrub s tem s/ha;  
canopy co v er  49%; average canopy h e i g h t  24 m (range 12-35 m ) .
BC ( 1 2 4 ,  100,  100,  100)
Trees  by d ia m e t e r  s i z e  c l a s s :
A ( 5 . 4 , 0 , 0 . 1 ) E ( 4 9 , 4 0 , 44 , 1 4 .2 )
B ( 5 , 4 , 0 , 0 . 1 ) F ( 1 5 , 12, 21 . 6 . 8 )
C ( 2 0 , 1 6 , 5 , 1 .5 ) G ( 1 0 , 8 , 2 0 , 6 . 5 )
D ( 2 0 , 16, 10, 3 . 3 )
18. Rose Creek
257 t r e e s / h a ;  t o t a l  basal  a re a  26 m^/ha;  15191 shrub s tem s/ha ;
canopy cover  71%; ave rage  canopy h e ig h t  19 m ( range  6 - 2 9  m ) .
BC ( 1 4 3 ,  5 6 ,  73 ,  100)
PB ( 1 1 4 ,  4 4 ,  2 7 ,  100)
Trees  by d i a m e t e r  s i z e  c l a s s :
A ( 35 ,  13 ,  I , 0 . 3 )  D ( 2 0 ,  8 ,  14 ,  3 . 3 )
B ( 25 ,  10,  3 ,  0 . 7 )  E ( 1 5 ,  6 ,  17,  4 . 3 )
C ( 1 5 3 .  6 0 ,  4 7 ,  1 1 .4 )  F ( 1 0 ,  4 ,  18 ,  4 . 5 )
19 . F e r n d a le  N o r th
69 t r e e s / h a ;  t o t a l  basal  a re a  7 m^/ha;  4076 shrub s tem s/ha ;
canopy cover  8%; ave ra g e  canopy h e i g h t  19 m ( range  6 - 2 7  m ) .
LP ( 4 9 ,  7 1 ,  5 7 ,  100)
BC ( 2 0 ,  2 9 , 4 3 , 20)
Trees  by d ia m e t e r  s i z e  c l a s s :
C ( 5 9 ,  8 6 ,  6 6 ,  4 . 4 )  E ( 5 ,  7 ,  2 1 ,  1 .4 )
D ( 5 .  7 ,  12 ,  0 . 8 )
20 .  F e r n d a le  South
153 t r e e s / h a ;  t o t a l  basal  a re a  17 m^/ha;  10374 shrub s tem s/ha ;  
canopy cover  48%; ave rage  canop'/ h e i g h t  17 m ( ra nge  5~3l  m) .
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( 2 5 , 1 6 , 2 6 , 4 . 1 )
( 1 5 ,  10. 2 6 , 4 . 3 )
{ 5 ,  3 , 2 0 , 3 . 3 )
LP ( 4 4 ,  2 9 ,  2 2 ,  80)
DF ( 3 5 ,  2 3 ,  19 ,  60)
PB ( 5 4 ,  3 5 ,  14,  100)
BC ( 2 0 ,  13 ,  4 5 ,  40)
T rees  by d i a m e t e r  s i z e  c l a s s :
A ( 3 5 ,  2 3 ,  2 ,  0 . 1 )  D
B ( 3 0 ,  19 ,  5 ,  0 . 8 )  E
C ( 4 4 ,  2 9 ,  21 , 3 . 3 )  G
21 .  Swan R i v e r  N a t i o n a l  W i l d l i f e  Refuge
158 t r e e s / h a ;  t o t a l  basal a rea  9 m^/ha;  5187 shrub s tem s/ha;  
canopy cover  66%; ave rage  canopy h e ig h t  16 m ( range  6 - 2 6  m ) .
S ( 1 3 8 , 8 8 ,  8 9 , 100)
PB ( 1 5 ,  9 , 1 1 ,  60)
WR ( 5 ,  3 ,  0 ,  20)
Trees  by d ia m e t e r  s i z e  c l a s s :
A ( 4 9 ,  31 , 6 ,  0 . 5 ) C ( 6 4 ,  4 1 ,  6 1 ,  4 . 8 )
B ( 3 5 ,  2 2 ,  12,  1 . 0 )  D ( 1 0 ,  6 ,  2 1 ,  1 .7 )
22 .  Soup Creek
173 t r e e s / h a ;  t o t a l  basal a re a  20 mr /ha  15561 shrub s tem s/ha;  
canopy cover  36%; ave rage  canopy h e i g h t  16 m (range 6 - 2 7  m ) .
BC ( 4 4 ,  2 6 ,  7 1 , 80 )
S (1 0 4 ,  6 0 ,  2 1 ,  100)
GF ( 2 5 , 14,  8 .  40)
Trees  by d i a m e t e r  s i z e  c l a s s :
A ( 3 5 ,  2 0 ,  2 ,  0 . 3 ) D
B ( 5 9 ,  3 4 , 9 ,  1 . 7 )  F
C ( 4 9 .  2 9 , 2 0 ,  3 . 7 ) G
( 1 0 , 6 , 9 , 1 .7 )
( 1 0 , 6 , 2 5 , 4 . 5 )
( 1 0 , 6 , 3 6 , 6 . 5 )
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R e produc t ive  d a ta  by h e r o n r y ,  f o r  the  1978 b reed ing  season
Heronry
ff
Nests
#
Act  i ve 
Nests
§
Success fu l
Nests
Tota 1
§
Young
# Young/  
Act i ve 
Nests
if Young/  
Success f u 1 
Nests
Lolo 8 7(88%) ? ? ? ?
F lo ren ce 11 4 ( 36%) 4 7 1 .8 1 .8
Lee M e t c a l f 7 7(100%) 7 14 2 .0 2 . 0
Stevensv i 11e 101 53 ( 52%) ? ? ? ?
V i c t o r 13 0 (  0%) — - “  - — — — — —
K e l l y  I s la n d 86 38(44%) 27 43 1.1 1 .6
Drummond 23 2 3 ( 100%) 21 44 1.9 2.1
Jens 41 0 ( 0 %) — — — — — --------
B u f f a l o  Rapids 10 0 ( 0 %) — — — — — "  — -------
Moi ese 21 1( 5%) 1 3 3 .0 3 .0
Dixon 10 7 ( 70%) 0 0 0 -  -  —
Pe rma Dump 9 3 ( 33%) 3 5 1.7 1 .7
Pe rma 1 12 3 ( 25%) 3 7 2 . 3 2 . 3
Perma 2 1 ? ? ? ? ?
N i nep i pe 82* 82* ? 2 11 * 2 . 6 ?
Evergreen ? ? ? ? ? ?
Owen Soue rw i ne ? ? ? ? ? ?
Rose Creek ? ? 5 10 ? 2 . 0
F e rn d a le  North 11 ? 10 22 ? 2 . 2
F e r n d a le  South 10 ? 8 24 ? 3 .0
Swan R iv e r 6 ? 2 5 7 2 . 5
Soup Creek 14 ? 10 14 ? 1 .4
*  Data  f o r  the 1978 b re e d in g  season at N in e p ip e were prov ided  by Marcel la
Bishop ( p e r s .  comm.)
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R e p ro d u c t iv e  d a ta  by r i v e r ,  f o r  the  I 978  and 1979 b reed in g  seasons
1978
R iv e r
»
Colon i es
§
Nests
§
A c t i v e
Nests
T o ta l
#
Young
# Young/  
A c t i v e  Colony  
Nest
Bi t t e r r o o t 5 140 71 21 in 
31 nests
1 .2
C l a r k  Fork 3 1 5 0 61 8 7 0 .8
Lower F la t h e a d 7 138 89 161 1 . 3
Upper F la th e a d 3 ? ? ? ?
Swan k 41 ? 65 1 .6
1 9 7 9
R iv e r
ÿ
Colon i es
#
Nests A c t i v e
Nests
Tota 1
#
Young
§ Young/  
A c t i v e  Colony 
Nest
Bi t t e r r o o t 5 125 70 134 1 .2
C l a r k  Fork 3 151 68 1 16 1 .0
Lower F la th e a d 7 131 88 185 1 .6
Upper F la th e a d 3 126 83 137 1.1
Swan 4 45 37 77 1 .7
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